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LOCOMOTIVE DATA TABLES, 


The tables giving the general dimensions and ratios of recent 
locomotives, which usually appear in our June number, will this 
year accompany the July issue. 





ASH PANS. 


The new ash pan law which goes into effect the first of next 
January requires all locomotives engaged in handling interstate 
traffic to be equipped with an ash pan that can be cleaned with- 
out requiring a man to go beneath the engine. There are many 
locomotives on every road not eauipped in this manner at pres- 
ent and in order to assist those who have not yet decided upon 
the proper design there appears elsewhere in this issue an article 
briefly outlining a number of different ways in which the com- 
pliance with this law has been accomplished. In later’ numbers 
we will, from time to time, bring out other designs which have 
features of merit. 

Although the principal problem in complying with this law is 
confined to the shallow type of ash pan on locomotives with 
narrow fireboxes between the frames, it is desirable, while the 
subject is under consideration, to also include a careful investi- 
gation of the best design for the hopper type of pan. Ash pans 
in general are a source of considerable expense on all roads and 
often are responsible for fires on wooden trestles or bridges, the 
burning of ties, etc., and need almost constant inspection and 
renewal of parts to be maintained in a sate condition. 

Some of the roads have gone to cast steel ash pans, which do 
not crack easily and when warped or distorted can be straight- 
ened and repaired. There are a great variety of methods of 
closing the opening in hopper pans, some of which are very in- 
genious and evidently entirely practical. Considering every- 
thing probably the swinging door arrangement, with a turn- 
buckle in the connecting rod from the operating lever, and a 
self-locking arrangement to prevent the doors from opening, if 
the lever becomes unlatched, the doors being dished with in- 
clined sides which will close around the bottom of the hopper 
and form an ash seal, is probably the most satisfactory for hop- 
per pans. For shallow pans an arrangement of steam blowers 
for discharging the contents seems to be the most popular. 


EFFICIENT ORGANIZATION. 





The attention that has been given to the various phases of 
this question by the technical press, the engineering associations 
and railroad clubs indicates that the more progressive officials 
and managers are awakened to the necessity of giving it their 
most careful attention. 

Three of the papers presented before the New York Railroad 
Club during the past season referred to this subject. At the 
November meeting W. J. Harahan, assistant to the president of 
the Erie Railroad, spoke on “A Search for Those Elements, the 
Proper Combination of Which Constitutes the Successful Motive 
Power Official.” At the January meeting J. E. Muhlfeld pre- 
sented a paper on “The Education and Organization of Railway 
Engineering Labor,” and at the May meeting Julius Kruttschnitt, 
director of maintenance and operation of the Harriman Lines, 
presented a paper on “The Organization and Operation of the 
Union and Southern Pacific Systems.” At a recent meeting of 
the St. Louis Railway Club Prof. H. Wade Hibbard presented 
a paper on “Organization.” Our readers are familiar with the 
work which has been done along these lines during the past few 
years by this journal. 

Would it not be a splendid idea and productive of good re- 
sults if the Master Mechanics’ Association would give the mat- 
ter of efficient organization a prominent place in its work for 
the next few years? Is there any question the investigation. 


of which, by its members, will give greater returns? 














240 AMERICAN ENGINEER AND RAILROAD JOURNAL. 





(Established 1832). 
AMERICAN 
ENGINEER 


RAILROAD JOURNAL. 


PUBLISHED MONTHLY 


BY 


R. M. VAN ARSDALE 
140 NASSAU STREET, NEW YORK 


J. S. BONSALL, Business Manager. 
F. H. THOMPSON, Eastern Representative 





R. V. WRIGHT, 
E. A. AVERILL, 


t Editors. 


JUNE, 1909 


Se 








Subseriptions.—$2.00 a year for the United States and Canada; $2.50 a 
year to Foreign Countries embraced in the Universal Postal Union. 
Remit by Express Money Order, Draft or Post Office Order. 
Subscription for this paper will be received and copies kept for sale by the 
Post Office News Co., 217 Dearborn St., Chicago, Ill. 
Damrell & Upham, 283 Washington St., Boston, Mass. 
Philip Roeder, 307 North Fourth St., St. Louis, Mo. 
R. S. Davis & Co., 346 Fifth Ave., Pittsburgh, Pa. 
Century News Co., 6 Third St., S. Minneapolis, Minn. 
VW’. Dawson & Sons, Ltd., Cannon St., Bream’s Buildings, Lon- 
don, E. C., England. 











Advertisements.—Nothing will be inserted in this journal for pay, 
EXCEPT IN THE ADVERTISING PAGES. The reading pages will contain 
only such matter as we consider of interest to our readers. 


Contributions.— Articles relating to Motive Power Department prob- 
lems, including the design, construction, maintenance and operation of 
rolling stock, also of shops and roundhouses and their equipment are 
desired. Also early notices of official changes, und additions of new 
equipment for the road or the shop, by purchase or construction. 








To Subscribers.—T7he AMERICAN ENGINEER AND RAILROAD JOURNAL is 
mailed regularly to every subscriber each month. Any subscriber who 
fails to receive his paper ought at once to notify the postmaster at the 
office of delivery, and in case the paper is not then obtained this office 
should be notified, so that the missing paper may be supplied. 





When a Subscriber changes his address he should notify this 
office at once, so that the paper may be sent to the proper destination, 








CONTENTS 


The Successful Motive Power Department Official ............... 217 
Railroad Machine Shop Practice, George J. Burns ................ 219 
Low, Moderately and Highly Superheated Steam, F. J. Cole........ 220* 
Pe TPA TOTRUIEEOR co oo sos ob sd4 36665. c00 aoa see coer eae as 224 
Mikado Type Locomotive, Virginian Railway ...........0..-esee0. 225* 
Pe Ne i Ae OA, 1, 5, ARE DOIT SOONG so 01 6ios0iks so wknasacassaccus 229 
cee ge Oo a 229* 
Gener Che Sor Carrs PIAte TGIROe ovis. 6aniksicccnsccacecesesewswes 231* 
Combustion and Evaporation, Lawford H. Fry ...........eceeecees 231 
Location of Side Bearings on Tender Trucks, Theodore H. Curtis.... 232* 
The International Railway Fuel Association ..............ccecceeee 233 
Panciont froremen, 3; Fs WRIiGCEO acess vis.0ics.c00000s0e0sesee senses 234* 
Re NE ARUN op joined sw ueah occ nen RE ba wewbWapawkane 237 
Se PO VIET CONES oie ssc ore, caieiaia suisse aulneade ne <45 desea baeey 238 
SEES ROTI CE ER 6 Sth eis ahs one a wee ease aa seasewas oe 240 
i PMNs «5.5: seks week sau kewhs NSAUA AS woke seen canea¥x 240 
PM WEES. cou cGestwussswe SEE ETE TET TT ET SET TT I ee ee 240 
The Motive Power Man As a Successful Operating Official ........ 240 
iO ERM Goat anc kiakusas kau leuaes Sei ee sow weeeaceeayee 241 
Tests of Locomotive Feed Water Heater .............ccccccccees 241 
SMR OR) ORME PRONE rk aio sb GK s Cee We wR wae, Cxmulebacey 242* 
Jacobs-Shupert Fire Box, H. P. MacFarland................ecseeee 247 
Flange Wear on Driving Tires, R. H. Rogers..........ccccccccecs 248* 
ieenerat Service. Stecl Gondola Cars scenic. cick ccscseccdcesacce 250* 
Paar TINIE cok og iS ete kes la ol 252 
Comparative Tests of Water Tube and Standard Fire Boxes, S. S. 
SSeS oy oe eR a ee ee ee 253* 
Specifications for Leather Belting ...............ccccccccccccccces 255 
Consolidation Locomotive With Fire Tube Superheater, Wabash-Pitts- 
erie UPNURONINE EQUIP 8 icine iscics shoe als @k Dusk aw 6S eSowaae ene 256* 
Percentage of Power Brakes on Trains .............cccccscccccee 258 
Flexible Shaft Applications of Interest to the Railroads............ 259* 
The Vertical Turret Lathe in Railroad Shops.............ccceccece 260* 
Mallet Articulated Compound Locomotive, 2-6-6-0 Type, Virginian Ry. 261* 
Sees ROOD MOE BOL EN WV OPK 56s oss ccc wes Os a:db:do0 veo rciesiadesee 262* 
EE MEIN rnc si gS og 5 ks i bao tee bie boi ee in a ie tee 262* 
PRLS terete kak cee babes cee Reais cele ekxuadecienken 263 
PPMP S cis Seek wmaigs wAiinsl sne ein cea bose Ae uiata wad koe en eee we 263 
NE POOR re oa ark ahs aki shaw eek oME Mebane Sue Rawk aoe eeebeed 264 


LOCOMOTIVE DATA TABLES, 


The tables giving the general dimensions and ratios of recent 
locomotives, which usually appear in our June number, will this 
year accompany the July issue. 





ASH PANS. 


The new ash pan law which goes into effect the first of next 
January requires all locomotives engaged in handling interstate 
traffic to be equipped with an ash pan that can be cleaned with- 
out requiring a man to go beneath the engine. There are many 
locomotives on every road not eauipped in this manner at pres- 
ent and in order to assist those who have not yet decided upon 
the proper design there appears elsewhere in this issue an article 
briefly outlining a number of different ways in which the com- 
pliance with this law has been accomplished. In later’ numbers 
we will, from time to time, bring out other designs which have 
features of merit. 

Although the principal problem in complying with this law is 
confined to the shallow type of ash pan on locomotives with 
narrow fireboxes between the frames, it is desirable, while the 
subject is under consideration, to also include a careful investi- 
gation of the best design for the hopper type of pan. Ash pans 
in general are a source of considerable expense on all roads and 
often are responsible for fires on wooden trestles or bridges, the 
burning of ties, etc., and need almost constant inspection and 
renewal of parts to be maintained in a sate condition. 

Some of the roads have gone to cast steel ash pans, which do 
not crack easily and when warped or distorted can be straight- 
ened and repaired. There are a great variety of methods of 
closing the opening in hopper pans, some of which are very in- 
genious and evidently entirely practical. Considering every- 
thing probably the swinging door arrangement, with a turn- 
buckle in the connecting rod from the operating lever, and a 
self-locking arrangement to prevent the doors from opening, if 
the lever becomes unlatched, the doors being dished with in- 
clined sides which will close around the bottom of the hopper 
and form an ash seal, is probably the most satisfactory for hop- 
per pans. For shallow pans an arrangement of steam blowers 
for discharging the contents seems to be the most popular. 


EFFICIENT ORGANIZATION. 





The attention that has been given to the various phases of 
this question by the technical press, the engineering associations 
and railroad clubs indicates that the more progressive officials 
and managers are awakened to the necessity of giving it their 
most careful attention. 

Three of the papers presented before the New York Railroad 
Club during the past season referred to this subject. At the 
November meeting W. J. Harahan, assistant to the president of 
the Erie Railroad, spoke on “A Search for Those Elements, the 
Proper Combination of Which Constitutes the Successful Motive 
Power Official.” At the January meeting J. E. Muhlfeld pre- 
sented a paper on “The Education and Organization of Railway 
Engineering Labor,” and at the May meeting Julius Kruttschnitt, 
director of maintenance and operation of the Harriman Lines, 
presented a paper on “The Organization and Operation of the 
Union and Southern Pacific Systems.” At a recent meeting of 
the St. Louis Railway Club Prof. H. Wade Hibbard presented 
a paper on “Organization.” Our readers are familiar with the 
work which has been done along these lines during the past few 
years by this journal. 

Would it not be a splendid idea and productive of good re- 
sults if the Master Mechanics’ Association would give the mat- 
ter of efficient organization a prominent place in its work for 
the next few years? Is there any question the investigation. 


of which, by its members, will give greater returns? 

















June, 1909. 


AMERICAN ENGINEER AND RAILROAD JOURNAL. 


241 





THE MOTIVE POWER MAN AS A SUCCESSFUL OPER- 
ATING OFFICIAL. 





The motive power officials have been responsible to a certain 
extent for the condition which has led to placing them, in the 
past, in a subordinate position in the official list of operating 
officials, because of the fact that in the study of operation they 
have clearly taken a backward step by advocating a low tonnage 
for the purpose of saving the locomotives as much as possible 
Of late there has been a radical change in this position and we 
now find practically all the superintendents of motive power 
advocating as high tonnage per train as possible, knowing full 
well that the expense per thousand ton miles of maintaining lo- 
comotives, and all other operating expenses are reduced directly 
with the increase of train load. There is no danger whatever 
of overloading locomotives at the present time, since the ton- 
nage must be regulated by the time that each train is required 
to make. 

The operating efficiency of a road depends very largely upon 
the class and condition of power and the motive power depart- 
ment, when given all the money necessary to keep the power 
in first-class condition, can aid wonderfully in the operating 
efficiency by doing everything possible to increase the loading 
of trains to a point where the tonnage will not be either above 
or below the amount necessary to maintain the required schedule. 

The motive power officials or those who have had experience 
in the motive power department, have done practically all of 
the work in connection with the question of train resistance and 
tonnage rating, and the result of their work is demonstrated in 
the decrease of operating expenses when they are working in 
thorough harmony with the other operating officials. 

The mechanical officer is an operating as well as a mechan- 
ical official, as is shown by the fact that a large number of them 
have been recognized in the last few vears and promoted to 
higher positions in the operating departments of the railroads. 
In each of these cases their rise in the service can be attributed 
to the fact that they had the capacity for grasping the operating 
preblems as a whole and not from a mechanical standpoint only. 


SUPERHEATED STEAM. 


Having decided that superheated steam is a good thing in lo- 
comutive practice, and it scems to be pretty generally admitted 
that it is, at least as far as the economy in the engine part of 
the locomotive is concerned, the next question for decision is 
the proper degree of superheat to use. There is a wide range 
of temperature of steam above saturation, which can be obtained 
on a locomotive and there are strong advocates for the use of 
both ends of the scale. Some very capable engineers are arguing 
in favor of a superheat in the neighborhood of 50 degs. above 
saturation temperature and others advocate from 125 degrees 
up. The article by Mr. Cole in this issue discusses the whole 
question in a rational manner and concludes that the greatest 
economy will be obtained at the higher degrees of superheat. 
The same conclusion is voiced by Robert Garbe in his articles 
on “The Application of Highly Superheated Steam to Locomo- 
tives,” which are based on probably the most extensive experi- 
ence with locomotive superheaters of any engineer. He states 
that an average temperature of 570 degs. F. must be maintained 
in the valve chamber and that the coal and water consumption 
are considerably increased whenever the temperature falls any 
appreciable extent below that figure. The tests reported in his 
articles all average well over 600 degs. temperature in the steam 
chest, in one case the temperature for a short time being over 
700 degs. These were on locomotives carrying 170 lbs. of steam 
and thus gave a superheat of frem 225 to 332 degs. 

Steam as used in steam engine practice is simply and entirely 
a vehicle for transferring heat from the firebox to the cylinder, 
where the heat is utilized and the vehicle discarded, or in the 
case of condensing engines, sent back to be used over again. Its 


work is analogous to that of any other vehicle, as for instance 
a freight car. The operating and traffic departments of our rail- 
ways devote a large amount of time and energy in obtaining 
high average loads per car mile on their lines, it being per- 
fecily evident that an average lading of 30 tons per car is much 
more profitable in every way than 20 tons per car. A car has 
to be hauled even if it contains but 5 tons and it will cost but 
little more to haul it with 30 tons lading. The same thing ap- 
plies to steam. We which must go over the 
route and as we want the heat at the other end of the line, why 
is it not advisable to load each cubic foot of steam with all of 
the heat that can be used at its destination—the cyfinder. In 
other words, instead of using three 50-ton cars to carry I00 tons 
of coal, why not put it all on two, provided, of course, that 100 
toms can be used at the end of the line. Of course, there are 
many things in connection with superheated steam which have 
no analogy in freight car lading, but on <he other hand there are 
features which make them 


have a vehicle 


very similar. 


TEST OF LOCOMOTIVES WITH SUPERHEATER AND 
FEED WATER HEATER. 


In 1907 the Central of Georgia Railway received from the 
Baldwin Locomotive Works an order of ten consolidation loco- 
motives, seven of which were simple engines with Stephenson 
valve gear. Of the remaining, one was the same design of loco- 
motive fitted with the Walschaert valve gear and numbered 1222; 
another, No. 1223, had the Walschaert valve gear and was fitted 
with an original design.of feed water heater, which uses a duplex 
pump in place of an injector. (This locomotive and heater was 
fully described on page 71 of the February, 1908; issue of this 
journal.) The third locomotive, No. 1224, was of the same type, 
but had a Baldwin superheater, the steam pressure being reduced 
from 200 Ibs. to 160 lbs. and the cylinders enlarged frem 20 to 
22 in. in diameter. 

In January of this year it was decided to make an accurate 
practical comparison of these three different arrangements of 
locomotives and a train consisting of 15 cars loaded with coal 
was handled each way over the division from Macon to Colum- 
bus, a distance of about 100 miles, by each engine in turn, the test 
also including the data on locomotive No. 1081, which is of the 
same class, but had Stephenson valve gear. The locomotives 
were operated by the same engineer and fireman in each test, 
the tests being run on consecutive days. The train was identical 
in each case and the coal and water was, of course, of the same 
quality The tests were made primarily to find out the differ- 
ence in coal and water consumption and these were very carefully 
weighed and measured. 

The results shown in the accompanying table are very decid- 
edly in favor of the locomotive with the feed water heater, which 





| 

LOCOMOTIVE NO......... 1224 1223 | 1222 | ~~ 1081 
MNT Citcsdacitacsiatas Xd Bocas Baldwin Feed /|Walschaert|Stephensen 

Super- Water | Valve Valve 

heater Heater | Gear Gear 
Steam pressure, lbs... 160 200 | 200 200 
Cylinders, in............. 22 x 28 20 x 28 20x 28 20 and 28 
Po Sp 57 57 57 | 57 
Heating Surface, Sq. Ft. 2458 2314.3 2314.3 | 2263.8 
Grate Area, Sq. Ft......... 44 44 44 4d 
Tractive Effort............ ; 34000 34000 34000 | 34000 
yy) ee 35 and 38 |} 35an?38 | 35and 38 | 35 and 38 
Date, Jan. 1909........ axes | 4and5 6 and 7 8 and 9 1l and 12 
Time on Road, Round Trip.. | 13 h-29m 13 h-51m 13 h-35m 13 h-37 m 
Stops, Number............... 19 18 | 23 17 
Stops, Time Consumed... 2 h-29 m 2h-23m | 2h-40m 1 h-46m 
Ton Mileage, Total.......... 205740 205740 | 205740 205740 
Coal Consumed, Ibs. total. 24200 20050 | 23700 22650 
Coal Consumed, per 1000 T.M 118 98 115 110 
Water used, Ibs. total....... 168866 | 144375 | 166100 | 156242 
Water used, per Ib., Coal..... 6.98 7.13 | 7.01 6.90 
Miles run, per ton of coal 16.5 19.8 | 16.9 | 22 


burned but 98 Ibs. of céal per 1,000 ton-miles as compared with 
110 for the simple locomotive with Stephenson valve gear and 
118 for the superheating locomotive; it evaporated 7.13 Ibs. 
of water per lb. of cogl as compared with 6.98 for the super- 
heater locomotive. 








SELF CLEARING ASH PANS. 


On and after the 1st day of January, 1910, it shall be unlawful for any common carrier 
engaged in interstate or foreign commerce by railroads to use any locomotive, in moving 
-interstate or forcign traffic, not equipped with an ash pan which can be dumped or emptied 


and cleaned without the necessity of any employee getting 


Approved May 30, 1908. 


under such locomotive.— 





The so-called ash pan law, the first section of which is given 
above, applies to all railways handling interstate, traffic in any of 
the States or Territories of the United States and the District 
of Columbia. Its enforcement is intrusted to the Interstate 
Commerce Commission, whose powers are extended for that 
purpose and a penalty of $200 for each and every violation of 
the law is provided. 

This law requires the application to all locomotives of a de- 
sign of ash pan which does not require the use of a hoe or 
bar for cleaning unless these tools can be used by men stand- 
ing alongside the locomotive. Practically all the wide firebox 
engines, both hard and soft coal burning, are already properly 
equipped, as are also a fair proportion of the narrow firebox 
type where the firebox rests on the frames. Practically none of 
the locomotives with narrow fireboxes set between the frames 
have had ash pans which are self-clearing, and it is for pans on 


and at the same time form a comparatively tight joint with its 
frame. 

There are, in general, three designs of ash pan doors on hop- 
per pans in use. First, and by far the most common, is a slid- 
ing door, which usually slides longitudinally in a guide on the 
bottom of the hopper. The second method is to use an ordi- 
nary hinged door, which is closed and held in place by con- 
necting rods from an arm on the operating shaft. In a few 
cases only is this type of door automatically locked when closed. 
The third method is what might be termed a swinging door, 
i. ¢., a door hung from links pivoted above and ahead of the 
center line of the hopper which allow the door to swing down- 
ward and forward to entirely clear the opening. In addition 
to these, there are several special arrangements which will be 
illustrated and described later in this article. 

With the shallow type of ash pans applied to narrow firebox 

























































































Section A-B 


FIG, 


this type that the chief difficulty has been found in changing 
the equipment to comply with this law. 

The problem is affected, on all classes of locomotives by the 
climate, as men will not be allowed to go under the engine to 
break loose the doors or contents of a frozen ash pan. This 
applies to the self-clearing hopper design as well as to the flat, 
shallow pan. This feature has been considered in some of the 
hopper designs shown herewith, and heating pipes near the 
slides have been provided, these, however, being intended more 
for loosening a frozen door than to thaw the contents, which 
will probably have to be loosened up by pounding on the out- 
side of the hopper. In some of the designs of shallow pans il- 
lustrated, heater pipes for loosening the whole contents of a 
frozen pan have been provided. 

With wide firebox locomotives the ash pans are usually of the 
hopper type which, if the opening is at the bottom, makes them 
self-clearing in the ordinary accepted sense of the term and 
the difference of design on these locomotives consists principally 
in the kind of a door used to close the hopper opening. 

The principal requirements of a satisfactory ash pan door are 
that it be capable of being closed sufficiently tight to prevent 
hot cinders escaping and that it either will not warp or at least 
be capable of being properly operated when somewhat warped 























T.—HOPPER TYPE OF ASH PAN WITH SLIDING DOORS—NORTHERN PACIFIC RAILWAY, 


locomotives, more particularly those with the firebox between 
the frames, there are two principal methods of making them 
self-clearing, or at least practically so. The first, and apparently 
the most popular way of doing this, is the installation of steam 
or water nozzles, or jets which will blow the contents of the 
pan through the opening at the end. This arrangement is some- 
times in the shape of several nozzles in the front of the pan 
only and, in at least one other case, consists of cross pipes dis- 
tributed along the bottom of the pan and having small open- 
ings arranged to give jets which will force the contents toward 
the rear. The other method used on shallow pans is to provide 
openings in the bottom, usually closed by means of sliding doors. 
This scheme does not always give an absolutely self-clearing 
pan, but approaches it very closely. Several arrangements of 
the jet scheme will be illustrated and described later. 

Considering in detail some of the designs which fulfil the re- 
quirements of the ash pan law and have been in successful use 
for some time,.following the general scheme of classification 
given above, we will first take up 

THE HOPPER TYPE. 

Sliding Doors——The ash pan shown in Fig. 1 is a design 

which has been in use for a number of years on the Northern 


Pacific and has proven to be entirely satisfactory. The arrange- 
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FIG. 2.—CAST IRON ASH PAN—CENTRAL RAILROAD OF NEW JERSEY. 


ment, of course, is varied for different classes of engines, two wedge on the guide castings, which forces the doors to a tight 
hoppers being used instead of three in some cases. The pan bearing against the bottom of the hopper after they are in a 
proper is made up of sheet metal in the usual form, liberal air closed position. This feature also permits them to be given more 
openings covered with netting being provided. The hoppers clearance in the guide than would otherwise be advisable. 


themselves are of cast iron or steel about 15 in. deep. The frame The ash pans on the Chesapeake and Ohio Railway are built 
forming the guide bolted to the bottom of the hopper is cored up of steel plates, liberal provision for air openings being made 
out for its full length and tapped at the end for the introduc- in the upper sections. The hoppers proper are separate from the 
tion of a % in. pipe. Several small holes are drilled from this upper part of the pan, so that they can be removed and repaired 
cored passage to the bearing of the slide and steam for thaw- or renewed as they become unsafe. A cast steel hopper bottom 


ing out a frozen slide is introduced in this way. The sliding and slide or door is used on this road, the details of which are 
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FIG. 3.—HOPPER TYPE OF ASH PAN—CENTRAL OF GEORGIA RAILWAY. 


doors are of cast iron chilled on their bearing surfaces and skown in Fig. 4. All of 


he slides are operated from one shaft 
deeply ribbed to prevent warping. All three doors are operated at the rear, the connecting links being of 2% x 1 in. bar. A 
together, the operating mechanism connecting to each side of somewlhat similar type of door is used on the Norfolk and West- 


each door, thus preventing them getting cocked and binding. ern Railway, the slides, however, in this case being formed of 
Figure 2 shows a pan applied to Wooten fireboxes on the Cen- 3 x 2 x 9/16 in. angles riveted to the bottom of the hoppers. The 
4 tral Railroad of New Jersey, which is largely constructed of doors are fitted loose, a play of 34 of an inch being allowed be- 


cast iron. It has two hoppers, the rear one having a door sliding tween the bottom of the hopper and the top of the door. The 
in a longitudinal direction and the front one, double doors each doors in this case are operated by an air cylinder, which is 
set on an incline and sliding in a lateral direction. The front supported directly back of the rear hopper-and has its piston 
hopper has no operating gear. connecied directly to the door of this hopper. A stop is provided 

A design similar to this front hopper is used on the Lehigh 
Valley Railroad for both hoppers of pans on Wooten firebox 
locomotives. In this case, however, the pan is built up of steel 
plates, a casting being riveted on the bottom of the hopper to 
form the guide. The double sliding doors are arranged to hook | 
over the guide on the frame instead of sliding in a slot. Almost ke meatennn ees eat 






ee 
identically the same design is also used on wide firebox loco- . =—_—- 
motives on the Central of Georgia Railway, the details being | 
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shown in Fig. 3, and it is also standard on the Philadelphia & ? _— 
Reading Railway. a: ~¢ = aoe 
. ° ee 5 ie) eee Ae 
The ash pan used on culm burning locomotives on the lines ten = 
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—| 
of the Delaware & Hudson Company has two hoppers fitted with ; so re cme CO aia ih 
longitudinal sliding doors operated together by one gear, the — ics 

connections between the doors being triple. A feature of this 
design which is admirable is the arrangement of an incline or 





FIG. 4.—CAST STEEL ASH PAN SLIDE AND FRAME—CHESAPEAKE 
AND OHIO RY. 
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Other railroads using the hopper 
type of pan with sliding doors all 
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Cast Iron 


have designs which closely approach 
some of those already mentioned, the 
arrangement of the steam pipe 
around the hopper frame and guide 
being quite generally used on lines in 
cold climates. 

x The general plan seems to be to 
operate all of the slides or doors 
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from one operating mechanism, the 
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connecting rod normally being double, 
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FIG. 5.—CAST IRON ASH PAN SLIDE AND FRAME WITH HEATING PASSAGES— 


BALTIMORE AND OHIO RAILROAD. 


on the front hopper which prevents the piston striking the head 
of the air cylinder. A lock, consisting simply of a pin inserted 
through a hole in one of the angle irons in the bottom of the 
hopper and projecting down back of the slide, prevents the doors 
being opened accidentally. This 
cessful service on this road for several years. 

On the Baltimore and Ohio Railroad a design of hopper frame 
and guide and sliding door, shown in 


arrangement has been in suc- 


Fig. 5, is used. This frame is pro- a me | eed ak 


vided with a cored passage all 
around the hopper opening with 


small vents to the slide bearing. The 
ash pans on this road are very lib- 
erally 





provided with nettings and 








ferent doors. Cast steel frames are 
used in a number of cases and in a 
few cases the slides themselves are 
made of cast steel. The usual cus- 
tom is to form the hopper section of 
the pan separately from the upper and 
wid2r section and in several cases to 
form each hopper separately, the connections being made by 
angle irons on each part. Power operated slides are not as nu- 
merous as those arranged to be opened by hand levers. Adjust- 
able dampers are applied but infrequently, the usual custom being 
to have liberal air openings in the sides and ends of the pan, 
near the top, which are covered with netting. 


Hinged Doors.—Figure 7 shows a design of ash pan of the 
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have the hopper section constructed 











so as to be easily detachable. Double 


connecting rods connect all of the 
slides to one operating lever. A very 
similar design is employed by the to 1 3 ar 








To 3S scAngledrdh o ° oo ° 


————— et 


) ° 





Canadian Pacific Railway, the prin- . 
cipal difference being that in this case 
the slides on each hopper are oper- y* “ly 
ated independently. 
however, still in 


This design is a, 
z ’ 


the experimental 











stage on that road. 











A double sliding door, operating < 
laterally, is used on the Galveston, 
Harrisburg and San Antonio Rail- 
way on two-hopper ash pans. The 
two doors on each side of the !ocomotive are operated by an air 
cylinder through cranks and connecting rods. The arrange- 
ment is such that the doors are held closed by gravity in case 
of the failure of any of the connections. 

A design for a hopper type of pan about 18 in. in depth which 
is being applied to six wheel switching locomotives on the Mich- 
igan Central Railway, is shown in Fig. 6. 


FIG, 0.—ASH PAN 


FOR 


SIX-WHEEL SWITCHERS—MICHIGAN CENTRAL RAILWAY. 

hopper type for hinged doors, which has proven very satisfactory 
after a long service on the Wabash Railroad. It will be seen that 
the operating gear, independent for each hopper, is so arranged 
that when the doors are closed they are also practically locked 
and the strain, due to the weight of the contents against the door 
will not force it open in case the operating lever becomes un- 
latclied. This feature has caused considerable trouble with this 


arrangement of ash pan doors on 
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many railroads where the doors have 
been held in place entirely by the 
locking of the operating lever. 

The hinged door type of pan has 
been in quite general use for a num- 
‘ber of years and in some cases has 
proved to be very satisfactory. The 








chief objection to it seems to have 











been the difficulty of keeping a tight 











joint after the doors have become 
somewhat warped and this has been 
held responsible for a number of 








disastrous fires on bridges and tres- 
tles. 





FIG, 7.—ASH IAN W1TH HINGED DOORS—WABASH RAILROAD. 


Swinging Doors.— This arrange- 
ment for closing the bottom of 
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FIG. 8.—ASH PAN WITH 
the hopper ash pan has many features of advantage and has 
been used with considerable success on a number of roads. 
Figure 8 shows the design on the Chicago, Milwaukee and St. 
Paul Railway, the construction of which is clearly shown in the 
illustration. The chief objection that can be brought against this 
arrangement is that the accidental unlocking of the operating 
lever permits the doors to swing open by gravity. A design on 


SWINGING DOORS—CHICAGO, 


MILWAUKEE AND ST. PAUL RAILWAY. 

Special Arrangements.—A radial door type of hopper ash pan, 
shown in Figure 10, has been in use for some time on the Buffalo, 
Rochester and Pittsburgh Railway, and has proven to be very 
successful. This type of door will remain in the open or closed 
position by gravity. It can easily be swung open and is not in 
operative when frozen. The frame is made of cast steel, the door 
is of cast iron and the shaft bushings are of malleable iron. Each 
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FIG. 9.—CAST IRON ASH PAN WITH 


the same principle is in use on the Great Northern Railway. Tie 
pan in this case has cast iron hoppers of the same general design 
as illustrated in Figure 1. In this arrangement the operating lever 
is fitted with a pawl working in a tooth quadrant, which it would 
seem to be almost impossible to accidently unlatch and which will 
also permit the doors being brought to a tight bearing after the 
pins are worn or the connecting rods bent. The rod connecting 
the operating lever with the equalizing link in this case is fitted 
with a turnbuckle for adjusting its length to suit the notches in 
the quadrant. 
The Central Railroad of New Jer- 

sey is using an ash pan with cast 
hopper 
doors of this same general design, 


iron which has swinging 
as is also the Lake Shore and Michi- 
gan Southern Railway, where the de- 
sign shown in Figure 9, applied to 


consolidation locomotives, has been 


found to be very successful. In this 
case the hoppers are made of cast 
steel, which permits them to be 


SWINGING DOORS—LAKE SHORE 
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& MICHIGAN SOUTHERN RAILWAY. 


door is operated independently, as shown. A patent has been 
applied for on this device. 

A swinging gate type of pan, shown in Figure II, is in use on 
the Atlantic Coast Line. In this the gate or valve closing the 
bottom of the hopper is made considerably larger than the open- 
ing and thus avoids any trouble with distortion of the pan or 
valve and also allows it to overlap the edges at the bottom of 
the hopper, so as to form what might be called an “ash seal.” 
The arrangement of the operating lever is such that in its closed 
position the short arm of the bell crank has passed the dead 
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straightened and put back into ser 
vice after they have become badly 
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warped. Cast iron sections which 
were first tried become warped and 


FIG. 
cracked beyond repair. 





10.—ASH PAN WITH EATENTED RADIAL DOORS—BUFFALO, 
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ROCHESTER AND PITTSBURGH 
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Sliding Dcoors.—Figure 14 shows a sliding 
door type of shallow ash pan which is in use 
on the Illinois Central Railroad. This pan is 
formed with a cast iron bottom which has 
three openings 10 in. wide for the full width 
of the pan. These are covered by sliding 
gates of the shape shown in the illustration 
operated by connecting rods, one on either 
side. A pair of 34-in. heater pipes are pro- 
vided along the bottom, one on each side of 
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--. the pan. An arrangement of sliding doors 

\ with the shallow pan is used on the Galveston, 

sounehr dam Harrisburg and San Antonio Railway, which 

, aes aa is practically self-clearing. The doors are 
/ double, and the pan is formed into three very 


shallow hoppers having openings 17 x 19% in. 
The sliding Coors are made of plates and 


work in cast iron guides. They are operated 





FIG, I11.—ASH PAN WITH SWINGING GATE—ATLANTIC 
center and any tendency of the valve to open by gravity is re- 
sisted in this way. 

A hopper design of ash pan having a closed flat bottom and 
vertical hinged doors at the end is used on the Mobile and Ohio 
Railroad. The contents of this pan are discharged by a steam 


blower set in the forward end on the bottom of the pan, there 


being a single nozzle in each hopper. The connection to the 
blowers is through a 134 in. pipe. 
SHALLOW oR Fiat AsH PAns. 


Blower Discharge—The most generally adopted method of 
complying with the new law in the case of shallow ash pans has 
been by the introduction of steam jets which force the contents 
of the pan through an opening at the rear. One method of doing 
this which is in use on the Illinois Central Railroad, is shown in 
Figure 12. A 1'4-in. pipe with four nozzles, consisting of the 
same size pipe flattened down to a %-in. opening, is placed in the 
front end near the bottom of the pan, and connected to the bot- 
tom of the boiler ahead of the firebox, at which point a globe 
valve is provided. At the back end of the pan a shield or guide 
is fitted for forcing the discharging contents down into the 
cinder pit, and preventing them from being blown back on the 
tender truck. Practically the same thing is used on the Atlantic 
Coast Line for shallow pans, except that in this case the nozzles 
consist simply of a piece of 34-in. pipe with a reducing bushing. 

On the Central of Georgia Railway the same idea is employed, 
a difference, however, being made in the shape of the pan, 
which is curved on the bottom instead of flat and has one nozzle 
located near the bottom in the center and one at either side on 
a higher level. The pan in this case is 16 in. deep in the center 

On the’ Norfolk and Western Railway a plan is being tried 
which incorporates a series of cross pipes at the bottom of the 


COAST LINE. 


by air cylinders, one on either side of the loco- 
motive. Another type which approaches this 
same principle is in use on the N. C. & St. L. 
Ry. and is shown in Fig. 15. The arrangement in this case is 
clearly shown in the illustration. The pan is tight in every par- 
ticular, swinging dampers only being provided for air inlets. The 
doors are continuous for the fu!l length of the pan and are con- 
nected to the operating cranks at two points. 
Side Opening Pans.—A design of ash pan has been applied by 
the Boston and Maine Railroad which simply provides openings 
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FIG, I12.—SHALLOW ASH PAN WiTH BLOWERS—ILLINOIS CENTRAL 


RAILROAD, 


closed by slides in the side of the pan, and the contents are dis- 
charged by men standing outside of the engine and using a hoe. 

Special Arrangements.—A self-clearing arrangement of shallow 
pan, designed on a very novel principle, is in use on the Chesa- 
peake and Ohio. This might be termed a shutter type of ash 
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ASH 


PAN 
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pan, as is shown in Fig. 13. These pipes, as at first tried, were 
34 in. and had a series of 3/16 in. holes drilled in the forward 
side. Cast iron shiclds were provided back of each pipe, as is 
shown in the illustration. The arrangement as shown, however, 
did not prove to be entirely satisfactory and larger pipes are now 


being experimented with. 
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OF BLOWERS—NORFOLK & WESTERN RAILWAY. 


pan, in that the bottom of the pan is formed of a series of cast 
iron shutters somewhat approaching a rocking grate in general 
principle, except that they are not provided with fingers. Each 
swings around trunnions resting in side bars on the bottom ot 
the pan. They are operated by short arms projecting up at one 


end and connecting to bars in the same manner as grates are con- 
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FIG. I4.—SHALLOW ASH PAN WITH SLIDING DOORS—ILLINOIS CENTRAL RAILROAD. 
that he had ever seen or conceived. Observations made since 
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FIG. I5.—SHALLOW ASH PAN WITH LONGITUDINAL SLIDING DOORS— 


NASHVILLE, CHATTANOOGA AND ST. LOUIS RAILWAY. 


nected. When the operating lever is moved the shutters will dis- 
charge the complete contents. This design has proven to be sat- 
isfactory in practice. 





EXPERIENCE WITH THE JACOBS-SHUPERT FIREBOX 


To THE EpiTor: 

The letters to your journal in reference to the new sectional 
type of firebox designed by Jacobs and Shupert have been so 
positive both pro and con of the advantages and disadvantages in 
the new type of construction, and the advantage claimed by one 
person having been considered a disadvantage by another party 
so positively, that I should like te clear away the mists and pre- 
sent some of the facts already developed in- actual operation. 

I have been in a position to watch the operation of this firebox 
in light and heavy service, having ridden on it half way across 
the continent and having observed it in actual service pulling 
1030-ton trains up 1.8 per cent. grades. Up to the present time 
the firebox has proven a decided success, having already fulfilled 
many of the claims made for it on the part of its inventors; at 
this time it promises to make good on additional claims hardly 
anticipated during its construction. 

The circulation in this firebox has been the cause of a great 
deal of comment. An authority of high standing, after having 
watched the temperatures of the water in the different portions 
of the boiler, in which thermometers were placed, was astonished 
at the results shown, and remarked that the circulation was either 
very poor or it was better than anything in water circulation 


that time have confirmed his cenviction that the circulation is 
far superior to that in the ordinary firebox. 

The class of engine to which this boiler is applied is used by 
the Santa Fe for heavy duty freight service in the mountainous 
desert districts where the grades are heavy and the water is bad. 
The fuel used is California oil, and the length of the district 
is 148 miles from Needles, Cal., to Seligman, Ariz. The schedule 
time is eleven hours for certain classes of freight. There is a 
rise of 5,010 feet in 125 miles, much of the grade being 75 and 95 
feet per mile. 

After having pulled a heavy load for 11 to 13 hours on one 
day, one of these locomotives is called upon the next day to take 
a 20 per cent. greater load down the mountain when drifting 
conditions tend to be most destructive upon the life of the engine 
because of the almost instantaneous change from extremeiy heavy 
to very light service. Moreover, these engines are subject to 
unavoidable changes in temperature in the firebox due to the fact 
that they are oil burners. The temperature in the firebox is sev- 
eral hundred degrees higher than that in a coal burner. As soon 
as the engine pulls over a hard grade and starts to drift the oil 
is shut down and the cold air rushes in, tending to cool the box 
with great rapidity. In coal burning engines these severe condi- 
tions, due to temperature changes, do not exist, due to the radia- 
tion from the glowing coals. 

In the October, 1908, issue of your journal there is a remark- 
ably clear, comprehensive and practical article on “Care of 
Boilers at Terminals,” by J. F. Whiteford. This article shows 
graphically the temperature changes in the boiler with an ordinary 
firebox due to different methods of handling. The first exhibit 
shows that there is a change of temperature of 210 degrees due 
to use of injector while standing. Thermometers inserted in the 
same relative positions show that the temperature change is not 
over 60 degrees, under same conditions for Jacobs-Shupert fire- 
box. During a period of operation the water does not vary over 
10 degrees in different portions of the firebox, above the brick 
work. This constancy in temperature is wonderful to note and 
means a great deal in prolonging the life and eliminating the re- 
pair work of the firebox. 

Under adverse conditions, with heavy load on a hard grade, 
with bad water very liable to foam and without blowing out, as 
is done in regular practice, engine 917 equipped with the Jacobs- 
Shupert firebox, carried her water extremely well and never was 
on the point of raising it. This fact of operation is a proof of 
the practicability of the firebox. 

The liability of the sections to change shape has been a much 
mooted point and the argument has been advanced that the vibra- 
tion of the firebox due to temperature variations will break the 
stay sheets. Now the design is such as to prevent all vibration 
of the the sectional construction taking up all 
expansion and contraction and producing no stresses on ad- 
jacent sections. 

The design has met with the approval of nature and natural 
torces. A template was constructed that conformed with extreme 
accuracy to the contour of several sections of the inner portion 
of the firebox most susceptible to change of form. After experi- 
encing hard service the firebox was examined and found to be in 
absolutely perfect condition, not a leak developed, the mud-ring 
construction was firm and true, and the template showed abso- 
lutely no permanent change in the contour of the sections. 


stay sheets, 


if 
ij 


Pie aT 2 


ee ea 





248 AMERICAN ENGINEER AND RAILROAD JOURNAL. 








An inspection showed no accumulation of sediment in any por- 
tion of the boiler. The inspection also showed that there is still 
much truth in the old saying, “Do not cross a bridge until you get 
to it.” “Circulation” has been losing lots of sleep for fear that 
much scale would form on the rivets, he may as well nap a bit, 
for after five weeks there has been absolutely no scale found on 
the rivet heads, in fact there is no tendency thus far for scale 
to form either on the rivet heads, on the outer walls, or on the 
stay sheets. 

Mr. Wood on page 201 of the May issue evidently has had a 
different experience regarding incrustation. The only explana- 
tion that seems reasonable is that he has a different kind of a 
firebox, one not eliminating fully enough the objectionable fea- 
tures of the ordinary construction. This fact is perhaps more 
forcibly made evident upon consideration of the staybolt 
problem. 

He emphasizes the fact that his construction eliminates as many 
as 350 staybolts in a single firebox. In the firebox displaced by 
the Jacobs-Shupert there are 902 staybclts on the sides, 390 
in the door sheet and 336 radial stays in the crown sheet; the 
grand total is 1395 staybolts, and 336 radial stays. In the Jacobs- 
Shupert firebox there are 312 staybolts in the door sheet and 110 
in the flue sheet; the sum is 422. There is an elimination of 


973 staybolts and 336 radial stays. Moreover, the length of the 
Jacobs-Shupert firebox is 21 inches greater than the ordinary. 
Figured on the elimination of staybolts for the same length of 
firebox, we find that the Jacobs-Shupert firebox dispenses with 
1125 staybolts and 400 radial stays. 

In the latter construction there are 1764 rivets for the inner 
and 1204 rivets for the outer portion, a total of 2968 rivets. 

The steam pressure carried is 225 pounds which involves the 
highest stresses the firebox will ever get in practical service; the 
water used is very hard on boilers; the service is excessively hard 
and necessitates a boiler being in fine condition at all times. 

This engine carries her water exceptionally fine. It is able 
to hold 4 and 5 inches of water in the gauge glass when other 
engines of her class can carry scarcely 1 inch. The improved cir- 
culation in this boiler allows the water to keep comparatively 
clear in the top of the boiler while impure in the bottom. 

The positive assertions of Mr. Wagstaff in the last issue of 
your journal on the perfect water circulation in this firebox have 
been fulfilled to a letter. His keen judgment and his extensive 
practical experience enabled him to predict with great accuracy 
on the essential points in the operation of this firebox. 


NEEDLES, CAL. H. P. MacFartanp. 








FLANGE WEAR OF DRIVING TIRES. 





By R. H. Rocers. 

That the subject of flange wear on lccomotive driving wheel 
tires has not been given more attention by the various railroad 
clubs and other railway mechanical associations is surprising in 
view of the fact that on many roads it has grown to be an im- 
portant feature of expense which is well worthy of careful in- 
vestigation. When it is considered that driving tires often have 
to be changed in three months from the date of application, and 
there are instances where they have been condemned in six weeks 
time because of sharp flanges, certainly an intelligent sifting ot 
this troublesome detail should afford interesting material for 
discussion which can not fail to be of general interest. 

The question naturally occurs, “Can flange wear be elimin- 
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exists in all cases where tire troubles are in evidence. It should 
not, however, be so construed, but rather that there is a laxity 
in the shops in this important regard which escapes the man- 
agement, who, with the knowledge that prints and instructions 
exist, thoroughly covering the matter in detail, are often lulled 
into a false security under the impression that the mere presence 
of these in the tire gang conveys the assurance that they will be 
lived up to. 

So many errors in the correct setting of tires have been noted 
on so many railroads, that, in the consideration of flange wear, 
improper spacing of tires must be assigned as the primary cause. 
Improper spacing of tires in this sense is intended to mean 
carelessness in securing the exact measurement from one tire to 
another, on the same pair of wheels, as laid down in the standard 
practices. ~ 

To illustrate, we will assume a 2-8-0 engine, of 15 ft. 6 in. 
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CONSOLIDATION LOCOMOTIVE 
ated?” Some roads have such a high percentage of curves that 


flange wear must inevitably ensue to a certain extent, and under 
such conditions it is no more susceptible of elimination than any 
other feature of locomotive deterioration, but after extended 
observation along this line the writer believes that even in ex- 
treme cases it can at least be controlled sufficiently to prevent the 
removal of the tires for turning between each general shopping 
of the locomotive and that in other cases it can be practically 
eliminated. 

There are certain recognized standards for the. spacing of the 
tires, measured across the engine, for each pair of wheels, and 
the mere matter of fully living up to these standards, and disre- 
garding all contributing causes of flange wear, will in most cases 
reduce this trouble fifty per cent. This may appear an extrava- 
gant statement, as it would imply that a disregard of standards 


ON A 22 DEGREE CURVE. 


rigid wheel base, and having all tires flanged. What may be con- 
sidered as standard tire setting for this type is:—intermediate 
and main tires 5334 in. apart, measured of course between inside 
faces of the tires, front and back pair of tires set 534 in. apart. 
Thus the setting on the entire wheel base of this engine would 
be: No. 1, 53% in.; No. 2, 5336 in.; No. 3, 533 in., and No. 4, 
53% in. This arrangement is to relieve the flanges on Nos. I 
and 4 tires while rounding curves of short radius. There is no 
dispute but that this setting in of the front and back tires is not 
only permissible but actually necessary. This is well illustrated 
by the accompanying diagram, which represents this engine laid 
down on a 22 degree curve, 262 feet radius. Everything is to 
scale, and both engine and curve are as they actually exist on 
the Mexican Central Railroad. 

This diagram graphically portrays the exact position of each 
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and every wheel on the two rails. It will be noted, notwith- 
standing the degree of curvature, that the flanges of Nos. 2 and 
3 wheels are evenly against the rail on the low side, and, as that 
rail is curving away from these flanges, in both directions, it 
can be readily appreciated that they are not receiving abuse other 
than what may be expected from natural wear. On the con- 
trary the diagram plainly indicates that the flange of No. I 
wheel, on the high side of the curve, is grinding sharply against 
the rail, and that the flange of No. 4 wheel, on the same side, is 
dragging on the rail, although tending to move away from it. 

It is this grind of No. 1 and drag of No. 4 flange, assuming 
the locomotive to be running ahead, or vice versa if running 
backward, which makes it mandatory that Nos. 1 and 4 tires 
shail be set closer together than Nos. 2 and 3. To appreciate 
that this setting in’ does constitute a relief, it should be borne 
in mind that Nos. 2 and 3 flanges are practically always against 
the rail on the low side. The elevation of the curve provides 
for this, and although the direction of the locomotive is toward 
the outside rail, it still may be considered as having the flange 
mentioned always in contact with the low rail, therefore the set- 
ting in of Nos. 1 and 4 tires, as in this illustration, tends to relieve 
their flanges just the amount of the difference made in the spacing. 

From this it might be logically inferred that a still further 
setting in would be of greater advantage, and that the tires on 
Nos. 1 and 4 wheels could be spaced to advantage as much less 
than 5334 in., which is standard for all intermediate and main 
wheels, as the guard rails will permit. The face of the guard 
rail measures 134 in. from the stock rail, therefore, on this type 
of locomotive, which is generally representative, it would permit 
the setting of the tires on Nos. 1 and 4 wheels at 53% in., and 
still clear the guard rail 1/16 in. 
logical and better setting than that in the diagram, and it is 


This, as a matter of fact, is a 


standard for engines of this type on many large roads. 

From records covering the close inspection of hundreds of 
engines during the past few years, wherever flange cutting has 
been in evidence, the writer notes some remarkable variations 
from standard practices. One instance in particular should be 
mentioned, that of a 2-8-0 engine, 17 feet rigid wheel base with 
all flanged tires, which actually had front tires spaced 5334 in., 
and, quoting from the report, “3g in. wider than spacing for best 
results, and 3@ in. wider than any recognized spacing.” This is, 
of course, a somewhat extreme case, but it actually occurred on 
one of the best handled railroads of the west, simply because the 
confidence in the tire foreman was misplaced. 

Another engine of the same class had tires spaced as follows: 
No. 1, 53 7/16 in.; No. 2, 53 7/16 in.; No. 3, 53% in.; No. 4, 53% 
in. Another engine, No. I, 5336 in.; No. 2, 534 in; No. 3, 53% 
in., and No. 4, 53 5/16 in. In this arrangement the first pair of 
wheels in each engine had tires at least 44 in. further apart than 
any recognized spacing, Nos. 2 and 3, % in. further apart than 
any practice, :and No. 4 &% in. in excess of the best practice. An- 
other engine had front tires 5/16 in. tou far apart, and another 
3g in. Each of these engines showed pronounced fiange cutting. 
A pleasing contrast, however, was afforded in still another en- 
This had Nos. 1 and 4 set at 53% in., and 
Nos. 2 and 3 at 533@ in., and exhibited no flange wear whatever, 
or even rubbing, although the tires had been on five months, and 
the engine had made the same if not more mileage than the 
others mentioned. 


gine of the same type. 


The above examples, while occurring on one road are merely 
illustrative of what the writer has encountered on several others, 
and every one of these roads it may be said, had shop practice 
cards and blue prints covering all necessary information for 
On one of these, which ran through a moun- 
tain country, with all the popular causes present against the 
longevity of flanges, such vigorous action was taken on the 
portrayal of these conditions that seventy-five per cent. of this 
abnormal flange wear was eliminated within the ensuing six 
months. The measures which brought about such a gratifying 
result were: (1) Replacing the measuring sticks of wood, and 
other makeshifts which had been in use in the wheel gang, by 
solid gauges with hardened points, one set for each class of 


correct tire-setting. 









engine, and by impressing on those concerned that they should 
wake up to the importance of the matter, (2) the issue of clear 
prints for shop use, giving the standard practice for setting tires 
on all engines, and (3) providing an inspector to gauge every set 
of tires after mounting in the wheel shop, and certify on a reg- 
ular form to the correctness of the setting. 

It should not be necessary in a well disciplined shop, such as 
the one in question undoubtedly was, to require this inspector, 
but it was nevertheless clearly evident that a better order of 
things must be brought about, and that speedily, so the check 
was run until the men were brought to fully realize that there 
must not be the slightest deviation from the standard measure- 
ments. 

It has been stated that the insistence on attention to the de- 
tails in the wheel shop will eliminate fifty per cent. of flange 
troubles, and the writer firmly believes this to be true. The cor- 
rection of contributing causes must devolve upon the care and 
vigilance exercised in the roundhouse after the locomotive has 
been put in service. 

First along these lines is to keep within reasonable limits the 
inevitable accumulation of lateral motion in the engine truck 
wheels. An excess of this, which should be taken to mean any- 
thing greater than \% in. total, is without question one of the 
principal contributing causes to flange wear. Excessive end play 
in the truck wheels results in the leading driving tires being 
most affected by curves of short radius; in other words, the en- 
gine truck does not bear its share of the impact of the curve. 
When this lateral motion is combined with excessive wide spacing 
of the front driving tires there could be no other logical result 
than in excessive flange wear. 

When comment is made regarding excessively worn flanges 
on any railroad the answer nine times out of ten is that the 
road or division is so curved that there could be no other condi- 
tion. It is not the intention to dispute for a moment that roads 
exist with such curvature that no tires will live on them, but these 
are exceptional, and the argument would not carry weight un- 
less all engines of equal mileage in the same territory displayea 
cut flanges. It has come under the observation of the writer 
that, because of pressure of other duties, and very often also 
indifference, only a half-hearted attempt is made by those in 
charge to determine the cause, or even arrive at a sensible con- 
jecture. Occasionally engines cut flanges all along one side, an® 
when these are carefully checked up it is found that they are 
some lower on the springs on that than on the opposite side; 
again, the engine may be found not to be properly squared across 
the pedestal jaws, or not in tram. 

Ideal conditions will not 
centers are standardized, and all tires are bored with a lip. The 
tire then applied to the center so far as the lip will allow is 
properly spaced in relation to the one on the opposite side. This 
is stated with a full realization that should the lip tire plan be 
adopted, a long time must elapse before the good results which 
will certainly follow can fully materialize. This is because wheel 
centers on old engines are frequently at variance with standards; 
many are too far apart, while some are too close, and in conse- 
quence, facing the outside of the rim to bring the standard lip 
tire to its proper position would have to vary with each indi- 
vidual case. The soundness of the lip tire idea, however, will 
be readily appreciated by those familiar with the hurry and han- 
dicap imposed when tires are changed in roundhouses. The 
chances for error in the setting of the tires, which are fre- 
quently in evidence under such conditions, would entirely dis- 
appear, as the tire could only be applied on the center as far as 
its lip would allow. 


have been reached until all wheel 


Flange wear is not by any means hopeless of solution. There 
is scarcely another detail of locomotive maintenance which will 
yield such a good return: from the application of reason and in- 
sistence on standards as that of the tires. The writer’s extended 
observations lead to no other conclusion but that it can be suc- 
cessfully combated and relegated to its proper position as a 
minor, instead of an important item of expenditure, on nine of 
every ten railroads in the country. 
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AND PLAN VIEWS OF DENVER 
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& RIO GRANDE GENERAL SERVICE STEEL GONDOLA CAR, 
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SHOWING SIDE CONSTRUCTION 
OF D. & R. G. CAR. 


TRANSVERSE 


GENERAL SERVICE STEEL GONDOLA CARS. 


The Denver & Rio Grande Railroad has a large number of 
general service steel gondola cars equipped with sixteen drop 
doors, allowing more than 99 per cent. of the lading to be 
dumped by gravity. When closed the doors are flush, making 
the car as suitable for shoveling, or general lading, as a plain 
gondola. While it has all the advantages of a twin hopper 
gondola, or a hopper car, for carrying such material as coal, 
coke, ore, sand, gravel, crushed rock and dirt it may be used to 
advantage for general purposes where there is no material of 
this kind for the return trip. This feature is also advantageous 
where a temporary or permanent change of conditions may 
sometimes render useless cars purchased for a special purpose, 
such as hauling coal or ore. 





Section at Bolster 











Section at Center 


SECTIONS THROUGH NORTHERN PACIFIC 


GONDOLA CAR, 


[he car is substantially built, it has been developed to its 
present state by many years of study and experience on the 
part of the designers and builders, the Pressed Steel Car Com- 
pany. In order to discharge all the lading by gravity the lower 
part of the side plate is bent inward, as shown on the cross- 
section view. Each side is stiffened by seven vertical pressed 
steel members on the outside and by the three pressed steel mem- 
bers on the inside. 

The center construction consists of two plates arranged in a 
shape somewhat approximating an inverted V, riveted together 
at the top with the leg of a T iron between them. An angle is 
riveted along the lower edge of each of these plates. . At the: 
bolster they are tied together by a casting and at the cross 
bearers by pressed steel diaphragms. The cross bearer con- 
sists of pressed steel members with a plate riveted at the top. 
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D & R. G. CAR WITH DOORS OPEN. D. & R. G. CAR WITH DOORS CLOSED. 
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NORTHERN PACIFIC GENERAL SERVICE CAR WITH DROP DOORS OPEN. 


At the bolster and at the center of the car these members are re- 
inforced by angles at the top and bottom, as shown. 

The doors may be opened or closed in less than two minutes 
by one man standing either on the ground or the platform. The 
shaft upon which the chains are wound is operated by a ratchet 
arrangement at the end of the car; this may be equipped with 
an operating lever, as shown, or with a socket which can be 


operated with a bar, a piece of pipe, or a pick handle. After 
the doors are closed the shaft creeps in under them, support- 
ing them and relieving the chains from the load. Skilled labor 
is not required to operate them. As an extra check the shaft is 
locked by a latch and dog at the end of the car. The mechan- 
ism is thus simple and positive; the lading cannot be dumped 
accidently and there is nothing complicated to get out of order. 
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MAINE CENTRAL 50-TON GENERAL SERVICE STEEL CAR. 


president; W. G. Besler, second vice-presi- 





dent, and T. E. Clark and G. L. Peck mem 


























Section at Cross Bearer 


SECTION THROUGH MAINE CENTRAL CAR, 


One of the illustrations shows a similar car built for the 
Northern Pacific Railway. Plates are riveted to the sides near 
the bottom on the inside, and are set at an angle so that all of 
the lading will be discharged. No inside stiffeners are used 
for the sides. The car also differs from the D. & R. G. in that 
it has one drop end of wooden construction, making it suitable 
for handling long material. 

Another of the illustrations shows a car of this type built 
for the Maine Central, but having only twelve drop doors, those 
between the ends and bolsters being eliminated. It is thus nec- 
essary to shovel a small part of the lading. The car also differs 
considerably in construction, the center sills being of a box 





ROAD ID.& R.G. a —— FRISCO 
| 6 Te fee ...| 100,000 | 1000001 | 100,000% | 100,000 tb 
Length Inside Body........ ea 36’—0/’ 40’— 0” 40’—0"" 41’—9” 
Length Over End Sills......0............... 37’—0" | 41’—0" |........ 42’—9"" 
Width Inside......... et bites —65%" 9'—6%""' 9/—6/ 9’— 634’ 
Width Over Side Stakes Seer ee 10°—24%”" 10’—2%""| 10'—-14""|_ 10’—2”” 
BRRENERMREBINE so pcdsvascsnsscccccieenssciveaseesst’ 42” 4’—2” 4’—4! sh" 
Rail to Top of Sides........ Dee 9—04%" 9—2%""| §’-13%"| 8’—9” 
Number of Drop Doors.. a 16 16 12 16 
Width of Doors.................... is 3—11%"” 4’—0%'’) 3’—134%""|  4’—234” 
Length of Doors......... seeeseeee| 310386")  4’—54""| 47-14%") 4’—10" 
Width of Clear Door Opening, Center.. ale 24”’ 24” 26” 
Width of Clear Door Opening, Bolster.. is” 18”’ 14” hd 
Distance Between Truck Centers........... 26’—834” 2%- 8” 28’—9" | 31’.—0” 


sii 40,500 ib 42 000 tb 39,000 tb 40,3001 


girder type made up of two channels with a top cover plate and 
with angles riveted at the bottom between the bolsters. General 
data for these cars and for a similar car for the Frisco, de- 


scribed on page 138, April, 1906, issue, are as shown above. 





AMERICAN RaILwaAy AsSsocIATION.—At the spring meeting, 
held in New York on May 19, F. A. Delano was re-elected 






Section at Bolster 


bers of the executive committee. There were 
158 delegates present. The next meeting will 
be held in Chicago on November 17 





Gas Propucer Tests.—A series of gas pro- 
ducer tests is now being conducted in the me- 
chanical engmeering laboraotry of the Uni- 
versity of Illinois. The object of these tests 


> 


is to provide impartial data on the efficiency 
and operation of small producer plants, using 





different grades of anthracite coal. An elabo- 


| 


i 


rate line of investigation has been planned, the 
results of which will be available during the 
coming summer. 





ComMMON STANDARD STEEL PASSENGER Cars. 
_—We know what the history of the wooden 
freight car was in years past when every mas- 
ter car builder in the country had his own 
peculiar notions, adding to the difficulty of 
getting standard cars. I trust that we have advanced sufficiently 
to ge‘ away from that hair-splitting principle that was carried 
out in those days and that as the steel passenger coach comes 
into service there will be a standard, at least of the cross section, 
so that railway companies that want six or more coaches will 
be able to buy from builders at a price as favorable as the road 
that orders 100 cars or more.—E, 4. Willer, Central Ry. Club. 





O1t Burninc Locomotives must be used on railway lines 
through the Adirondack forests, according to an order recently 
issued by the Public Service Commission of the Second District of 
New York. The order is an outgrowth of the forest fires of the 
fall of 1908. From the evidence submitted in the case, the Coin- 
mission concludes that about 40 per cent. of the land burned over 
in the Adirondacks during the fall of 1908 was by fires set from 
locomotives. An investigation was made of the possibility of 
introducing electricity for the operation of the lines, but this was 
found to be financially impracticable, and it was therefore de- 
cided that the only feasible plan of preventing fires was to adopt 
oil burning locomotives. The order of the Commission requires 
that the locomotives used between April 15 and November 1 in 
each year, between the hours of 8 p. mM. and 8 a. o., shall be re- 
quired to burn oil in the generation of steam. Locomotives 
burning coal anywhere in the Adirondack preserves must be sub- 
jected to the inspection of the Commission, and may not be used 
until a certificate is issued after such inspection by the Commis- 


sion’s authority. The equipment with oil burning apparatus must 
be completed not later than April 15, 1910, and at least two loco- 
motives on the Mohawk & Malone R. R., and two on the Dela- 
ware & Hudson R. R. must be equipped and in service with oil 
burning apparatus not later than July 15 of the present vear 
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STANDARD FIREBOXES. 


S. S. RIEGEL. 


{Eprror’s Note.—On page 136 of the April, 1906, issue of this journal 
appeared an illustrated description of a water tube locomotive firebox de- 
signed and patented by Mr. Riegel, which, on account of its novelty and 
many cvident advantages, attracted considerable attention and comment 
from cur readers. It consisted, briefly, of replacing the mud ring of a wide 
firebox type Belpaire boiler with a large hollow steel casting which forms 
the lower terminus or drum for a nest of water tubes extending diagonally 
upward to the crown sheet, which is depressed in the center in order to keep 
the upper tube terminations flooded. These nests of 2% in. tubes are set 
four deep, the rows extending the full length of the firebox, being so lo- 
cated as to permit the introduction between them of a boring bai, or other 
tools, for the removal or installation of staybolts in the water leg. Spaces 
are also left at the front and back firebox sheets for easy inspection. The 
cast steel lower drum is provided with hinged doors to permit the intro- 
duction and expanding of the water tubes.] 


In order to determine exactly what could be expected from a 
boiler fitted with my type of water tube firebox in compari- 
son with the ordinary standard firebox of the same size, at least 


as far as increased evaporation was concerned, I recently had 
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quarter-inch asbestos insulation placed between them in order 
to prevent the transfer of heat from one to the other. In this 
way the firebox was common to both halves and the amount of 
heat received from the fire was the same for both designs. The 
model was constructed without an outside crown sheet and the 
tests were all made at atmospheric pressure. In this way the 
actual circulation of the water around the firebox was accurately 
observed. 

The models had the foilowing dimensions: 








Water Tube. Standard. 
CI AACE De OU he 6 ccs ceccasmcneseere 55.5 sq. in. 55.5 sq. in. 
Water Heating Surface—Firebox........... 246.5 sq. in. 242.8 sq. in. 
Water Heating Su:face—-Watertubes....... 590.5 sq. in. —. 
Water Heating Surface—Firebox: Total.... 837. sq. in. 
Water Heating Surface—Flues............+. 1609. sq. in. 904.8 sq. in 
Heating Surface—Total .......ccccccccccee 1846. sq. in. 1147.6 sq. in, 
Or for complete boilers. .......cccccccccces 3692. sq. in. 2295.2 sq. in. 
WOON iced cxccaddcdndedaven tans «e 25 Ibs. 16 lbs. 
Weight Full (24 half pints)............... 37 lbs. 28 Ibs. 
Percentage of increased heating surface.... 60% 
(For boiler with full length of flues........ 40%) 
Percentage of increased weight—empty..... 56% 
Percentage of increased weight—full....... 32% 
Ce SUPE GONE Re vncdvicin cicvecsarucees 20%) 














VIEW LOOKING DOWN ON 

















MODELS JOINED READY FOR TESTS. 


constructed some models accurately made to a 1-in. scale, which 
are shown in the accompanying illustrations. These models are 
each a half section of a boiler fitted with my firebox and a half 
section of a boiler arranged with the ordinary standard firebox, 
the two sections being identical in all respects possible, but each 
being entirely independent as far as the water circulation is con- 
cerned. The principal difference in the two consists in the mud 
ring, arraugcinent of the crown sheet, the introduction of the 
water tubes and the addition of ten extra tubes in the barrel of 
the water tube design. The design of this firebox permits this 
increase in the numbet of fire tubes in the barrel. The two halves 


were secured together in the manner shown, there being a one- 


THE CROWN 





SHEETS OF THE MODELS. 

















MODELS OF WATER TUBE AND STANDARD FIREBOXES. 
Twenty-one tests, ranging from one to five hours each, were 
made on this model. In all cases the feed water was maintained 
at an initial temperature of 60 degs. and the amount of water 
used by each half of the model was accurately measured, being 


fed from same tank to it as required, a half pint at a time. All 








254 AMERICAN ENGINEER AND RAILROAD JOURNAL. 











tests were started with the same water level in each boiler, and 
since the firebox was common to both the results show clearly 
the merits of each design. 

Tests under widely varying conditions were made, several be- 
ing included in which the maximum evaporative eapacity of the 
standard design of firebox was reached. These tests are shown 
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RESULTS OF EVAPORATION TESTS ON MODELS 


graphically and in tabular form in an accompanying illustration. 
In this table the column headed “vapor” is the time in which the 
first vapor appeared in each half of the model; the column 
headed “steam” being the same observation when actual steam 
was formed in each half. 

The first six tests were made under different heat and draft 
conditions and show the gain in evaporation of from 42 to 76 
per cent. in favor of the water tube firebox. 

The seventh test was made with all of the barrel flues on the 
water tube side of the model blanked and shows a gain of 15 
per cent. in favor of the water tube side, which means a gain 
of 15 per cent. for the water tube firebox alone against the full 
plain type of boiler. 

In the eighth test these conditions were reversed and the plain 
type cf firebox was operated in comparison with the whole boiler 
on the other side. This showed a difference of 80 per cent. in 
tavor of the water tube side. 

Tests 7 ana 8 show the relative evaporations of the fireboxes 
alone. 

Test No. 12 shows the results with a reduced rate of combus- 
tion and gives the highest percentage of increase for the water 
tube firebox of any of the tests, showing that for a low rate of 
combustion this type of firebox is of unusual value. 

Tests No. 14 and I5 were run at the maximum evaporative 
capacity of the plain fhrebox, which was found to be 34 half 
pints of water in two hours. It was not possible to force it be- 
yond this point. The maximum evaporation of the water tube 
side, however, was not determined by any of the tests, as the 
means were not at hand to apply sufficient heat to determine it 
at this time. 

Test No. 16 was run to show the effect of dirty and smoky 
fuel on the performance of the boiler. 

Summing up the results of the tests as a whole we find that 
there was a total of 951% half pints of water evaporated in 51% 
hours from the water tube side of the model and 614 half pints 
in the same time from the other side, this being-a gain of about 
55 per cent. of the water evaporated in the ordinary type boiler 
in favor of the water tube firebox. 

From the observations which it was possible to make by these 





tests it was discovered that with a low water level there was a 
decided tendency to bare the center of the crown sheet of the 
standard type of firebox under rapid evaporating conditions; 
whereas on the other half of the model the crown sheet was 
flooded even when the water level was low enough to show the 
top boiler tubes. This, of course, is due to the fact that the cir- 
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OF WATER TUBE AND STANDARD FIREBOXES, 


culation about the firebox and up through the water tubes is so 
intense that the water is kept in circulation and the crown sheet 
flooded long after the danger point has been reached in the plain 
type. In the plain type of boiler the circulation was found to be 
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RIEGEL WATER TUBE LOCOMOTIVE FIREBOX. 


very strong up the back tube sheet, up the back head and mod-’ 
erately strong up the side water legs. This was found to be 
practically reversed in the water tube type, the circulation, of 
course, being the strongest up the water tubes and was generally 
downward along the side and back legs, the current largely pass- 
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ing forward from the top of the water tubes to the barrel of the 
boiler. It passed downward at the front end of the barrel back 
through the bottom row of flues and into the side water drum or 
hollow mud ring. 

On inspecting the models at the end of the tests it was noticed 
that there was considerable scale deposits all over the surface of 
the firebox and on the flues of the plain type boiler, while these 
surfaces were practically clean in the water tube boiler, the cir- 
culation evidently having been strong enough to keep them 
scoured. The tests were made with water which scales very rap- 
idly and results seem to uphold the contention that rapid circu- 
lation prevents scale formation. 

In view of the fact that the water tubes in this model boiler were 
Y% in. outside diameter, it not being possible to obtain a more 
exact size, and consequently were placed too close together, I 
believe that with a smaller number of tubes properly spaced, a 
boiler of this design and type would double the steaming capacity 
of the present type of plain firebox locomotive boiler, at the 
same time not occupying any more room on the engine. By thus 
doubling the capacity of the boiler it is evident that on account 
of the free steaming ability the rate of combustion could be very 
much reduced. This would be of advantage in two ways, one by 
reducing the amount of draft required and thus permitting an 
increased nozzle, and, secondly, the much more efficient combus- 
tion which it is possible to obtain at the lower rates. 


SPECIFICATIONS FOR LEATHER BELTING. 
To tHE Epitor: 

In an editorial on belting, page 151 of your April number, you 
emphasize the necessity for using only the best grade of belting 
in order to reduce the cost of maintenance to a minimum. Do 
you know of a belting specification which would insure securing 
a good quality of belting? 


Chicago, IIl. Master MECHANIC. 





The Santa Fe specifications for belting, as reproduced on page 
456 of the December, 1906, issue, are very complete and belting 
bought under them has proved satisfactory. The best of specifi- 
cations are, of course, useless unless rigidly enforced. 

The United States Navy Department made a thorough inves- 
tigation of this question and issued a specification, October 12, 
1906, which is as follows: 

“The belting shall be short lap. Must be of white leather of 
the very best quality, tanned with white or chestnut oak bark 
by the slow process, and no solutions, bark or wood extracts of 
any kind, or chemical processes shall be used, and the leather 
shall be thoroughly curried. 
grain side when doubled strongly by hand, grain side out. 

“No piece shall be more than 54 inches long, including laps; 
shall be cut lengthwise from the extreme end of butt, so as to 
exclude the shoulder, and shall be cut entirely from the center 
or back. No shoulder or belly pieces will be tolerated; all hides 
to be of the very best quality. 

“Belting shall be waterproofed, if so specified, by an approved 
method; method shall be chemically neutral in character, con- 
taining neither tallow nor oil; the belting to have minimum 
stretch and a perfectly true run. ; 

The weights shall be as follows for tanned belting not water- 
proofed; no loading of any description will be tolerated. 


SINGLE BELTS. 


Belting shall not crack open on the 


Width Weight per sq. ft. 
Ie SA 5 oad 08 ORR Me Ree ENR ERSKES Cade aswadewes 13 ounces. 
ee Oe OI oo i 4k oho os ce ke bor seteeacesusawea 14 ounces. 
ie Serre eer Tere rere rr rer rere 15 ounces. 
1S Se Se Ie ak. oak ch wee eheh eee snr ecandeeees 16 ounces. 

DOUBLE BELTS. 
S SD Si anced cee Care ercceknRiueascecusrcenens 26 ounces. 
i. ee gf RE Ce or or Ce ee ree 28 ounces. 
ce ee! err eT rere rer rr reer ee 30 ounces. 
CS Te Se Oh i ood ea eth ebaeeciavdeaaces condtun 32 ounces. 
Laps. 


Single belts—Belts 6 inches wide or less, no laps to exceed 6 
inches in length or to be less than 3% inches in length; single 
belts wider than 6 inches, no laps will be more than 1 inch longer 
than the belt is wide. 








Double belts.—No lap to exceed 5% 
3% inches in length. 


inches nor be less than 


CEMENT. 

All laps to hold securely at every part, and when pulled apart 
the surfaces then exposed shall show no resinous, vitreous, oily, 
or watery condition. No filling strips of any kind will be tol- 
erated. All laps and layers of leather must, in addition to being 
cemented, be copper riveted. 

TESTS. 

(a) Three strips cut lengthwise from any part of the same belt, 
including the lap, the inspectors may choose, 2 inches wide and 
8.inches long and 2 inches between centers, and about 0.14 square 
inches in section at narrowest part, must stand an average ulti- 
mate tensile stress of 4,000 pounds per square inch of original 
area of test piece for all single belts and 3,600 pounds for all 
double belts. They should show an elongation of not more than 
13.5 per cent. for single belts and not more than 12.5 per cent. 
for double belts when subjected to a stress of 2,250 pounds per 
square inch for one hour; elongation to be measured under 
stress. 

(b) Note-——Under the strong magnifying glass the direction 
in which the leather has been cut can be determined by the direc- 
tion of the follicles or hair pits, and if under this inspection the 
direction of the follicles is not clearly in a longitudinal direction, 
this defect will be cause for rejection of the length of belting 
containing this defect. 

Commercial sizes of leather belting—that is, such sizes as would 
be found in the stock of any manufacturer—range from I inch 
upward, increasing by quarter inches as far as 4 inches, and then 
by half inches as far as 7 inches. Above this the increase is by 
inches. 

Where belting is required for a special purpose, it would con- 
duce toward obtaining the most suitable articles to inform the 
manufacturer of the nature of the work the belt is for, as well 
as the average horse-power that may be used to drive it and the 
speed of the belt in feet per minute. 


Tue HarrRIMAN LINES AND Puriic Oprnion.—Each general 
manager receives current issues of practically all newspapers 
and periodicals published in his territory. A competent person 
in his office, after careful scrutiny of editorial and other mat- 
ters, tabulates and compiles a record showing the general atti- 
tude toward railways and other corporations of each publication. 
Twice a month each general manager telegraphs the director of 
maintenance and operation a brief fortnightly synopsis of public 
sentiment as reflected in the press, showing number of publica- 
tions examined, percentage favorable, neutral, and antagonistic, 
quoting criticisms, complaints and expressions of special inter- 
est, and commenting upon the general trend of opinion as voiced 
from political and commercial centers. The Chicago office briefs 
and consolidates these reports for telegraphic transmission to 
New York. These reports are of great benefit in detecting causes 
of friction and enabling the application of prompt corrective 
measures. The regular reports are supplemented by special tele- 
grams covering items or incidents of more than usual importance 
or significance. In addition, numerous newspaper clippings are 
currently forwarded by mail through the Chicago office.—J. 
Krutischnitt before the New York Railroad Club. 





RaiLtroaAps Dornc Goop Business.—The earning reports of 
twenty: five of the leading roads of the United States and Canada 
show a marked improvement over the same period last year as 
well as over the business done in March and April this year. 
These twenty-five roads show for the first week of May gross 
earnings $1,000,000 larger than for the corresponding period a 
year ago. This is an increase of 14 per cent. For the fiscal year 
1909, or since July 1, 1908, to date, the combined earnings of 
these twenty-five roads have been slightly less than for the cor- 
responding period last year, but the difference doubtless will be 
more than made up by July 1 next, as there is no doubt that 
business will continue to expand.—Exchange. 
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CONSOLIDATION LOCOMOTIVE WITH NEW DESIGN 
OF FIRE TUBE SUPERHEATER. 


WasasH PITTSBURGH TERMINAL RAILWay. 


The Brooks Works of the American Locomotive Co. are de- 
livering an‘order of ten consolidation locomotives to the Wabash 
Pittsburgh Terminal Railway, one of which is equipped with a 
new design of fire tube superheater. This locomotive carries 
160 instead of 200 lhs. steam pressure and has 25 in. instead of 
22 in. cyliiders. In other respects, excepting of course the al- 
terations in the boiler necessitated by the application of the 
superheater, it does not ditfer from the remainder of the order. 

This design of superheater, the details of which are shown in 
the illustrations, is a distinct departure from the arrangement 
previously applied by locomotive builders in this country and 
overcomes most of the defects that service has shown the former 
arrangements to have. These defects for the fire tube super- 
heaters have been, in general, the large number of steam joints 
to inspect and maintain, the difficulty of vetting at the joints 
between the superheater pipes and the steam headers; the ab- 
sence of an opportunity for taking care of the difference in ex- 
pansion of the superheater pipes, thus leading directly to leaky 
joints; and to the liability of nuts and screw threads in the 
headers to corrosion. 
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VIEW OF NEW SIDE HEADER FIRE TUBE SUPERHEATER. 


This new design has two steam headers lo- 
cated one on either side of the smokebox, 
each divided into saturated and superheated 
steam compartments, as is shown in the de- 
tailed drawing. A short curved pipe connects 
the saturated steam compartment of the head- 
er with the T head and the superheated steam 
comparement is connected by a short steam 
pipe to the cylinders. All the connections to 
the headers and steam pipes are made by cast 
iron ball joints. The headers are secured to 
a box casting bolted to the side of the smoke 
box, thus relieving the steam pipes and their 
connections from any strain due to the weight 
of the header. The large boiler tubes contain 
four seamless steel.superheating pipes, 11% in. 
outside diameter, arranged in pairs, the two 
pipes in each pair being connected at the back 
end by cast steel return bends. The super- 
heating pipes on emerging from the boiler 
tubes are carried by an easy horizontal bend to 





BOILER ON 2-8-0 TYPE LOCOMOTIVE TO WHICH NEW SUPERHEATER IS APPLILD. 
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their connection at the header. They are upset and machined 
to forin a ball which is ground into the socket of the header. 
The two pipes forming an element are held to their seats by 
means of a double clamp with a bolt in the center between the 
pipes. These bolts pass through cored holes in the header and 
have nuts on the back, where they are protected from the smoke- 
box gases. Covered openings are provided ir. the smokebox to 
give access to these bolts from the outside. There are no soft 
joints of copper or composition employed anywhere in the de- 
sign. 

The design shown herewith is arranged for a superheat of 
from 100 to 125 degs. and hence requires but one loop in each 
superheating element. The same scheme, however, can be easily 
arranged to give higher degrees of super- 
heat by having a double loop, or a four-pipe 
superheating element, in each superheating 
tube and a reduced number of connections 
to the header. 

The passage of the gases through the 5% 
in. tubes and around the superheating pipes 
is controlled by a damper, which is automat- 
ically operated by a steam cylinder on the 
outside of the front end. This cylinder is 
directly connected to the steam chest and is 
operated by the pressure therein. When the 
throttle is open the pressure in this cylinder 
opens the damper, but when the steam is 
shut off a counterweight closes it. In ar- ~ 
rangements for giving a higher degree of 
superheat it is possible to easily arrange this 
automatic damper, so that it can be partially 
or wholly closed from the cab when the lo- 
comotive is operating, in case too high a 
temperature is being attained. 

The boiler in which this superheater is 
applied is shown in the illustrations, and has 
a total heating surface of 3,283 sq. ft. The 
superheater has 374 sq. ft. of heating sur- 
face, bearing a ratio of 8.78 to the total. 
There are 20.6 sq. ft. of superheating surface 
to each cubic foot of cylinder volume, which 
is slightly lower than has been customary, 





SECTIONAL ELEVATIONS OF BOILER WITH NEW DESIGN OF 









THE SUPERHEATER IS FITTED. 


because of the lower degree of superheat that has to be at- 
tained. The boiler has 14 ft. 6 in. tubes and the super- 
heater elements reach within about 32 in. of the back tube sheet. 

The other nine locomotives in this order have the same 
cylinders as are used on the superheater locomotive, their 
diameter, however, being reduced by a bushing 1% in. thick, to 22 
in. They are designed to carry 200 lbs. steam pressure, but by the 
removal of the bushing can readily be changed to superheater 
engines with reduced pressure if it is desirable. The locomo- 
tive shown in the photograph is not equipped with the super- 
heate.. 

The general dimensions, weights and ratios of the superheater 
locoinotive are given in the following table: 











SUPERHEATER. 
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CONSOLIDATION TYPE LOCOMOTIVE—WABASH-PITTSBURGH TERMINAL. 


GENERAL DATA. 


PME Gisorubs sosneew ea PPT Se ey LL ee Eee ee ee ek 4 ft. 8% in. 
MPP atc s ki seeassbee eee coche pee bn Ser cou neee heen eee oeeee- Freight 
RSS eee he Sn pease Shs SSO SRN MS hanes ee ae een ee Bit. Coal 
i Pees Oe each ewe nk cles nkeGaaeee sane a ere 46,990 Ibs. 
nS SIR GRUIET 5 o's ole > oe 5.0S5 ne nies = ee G5 esas eee bem 236,000 Ibs. 
EE TOM Sts Sc od oud seeks sum as aa es WN ea we cel 207,000 lbs. 
Weight on leading truck............sseeeeseseeeceeecceeeceees 29,000 Ibs. 
Weight of engine and tender in working order.........-..eee0s 390,000 Ibs. 
er rrr Serre ey ee 15 ft. 9 in. 
‘Wheel base, total ...........s.cececcscccceccccccnsccnccecscnserees 25 ft. 
Wheel base, Re ONES kc. daisies sneer ea es Knee aba eee 59 ft. 11 in. 
RATIOS. 

nets Wn ACEWONR <> GERIIIGE ETOCS 5 6 6 6:4 ooo 0.000.008 5 sine we weeess es eee 4.41 
EE EU 28> BEMEEIWE WITOIE «<5. <.0.0.0 0:5 3.5510 5.050000 0 00.0.c ses vb ceenees DOO 
Tractive effort x diam. drivers + MERIAS GUPTROE isis 55:55 als o0a's osee 825.00 
RD REN GUETOCE =f MTBOE BIER «oo 0c ccc ccccecccceseoecvccecve «65.00 
Firebox heating surface + total heating surface, J.........eeeeeeeeees 5.80 
Weight on drivers = total heating surface. .......ccccccccssecccvsces 63.00 
Otel Weent <> Cote) BEREN BUCIECE....0ccccccccccveccecseccoscoesne 71.7 

eee ee TE, Se eee ee ey er rere erie eee 18.20 
"TOtal REGENT SULTACE = WOl. CHUNGETS....-.. vcs csccccicccesecscecsesce 181.00 
ne anes cee es RUNES 2c. gas bau wbcb ebb a6s suena daiene ences 2.78 

CYLINDERS. 

Re eae chy sks sca s Ae See Saw ams es Onan SA Ssh wesw eciena® Simple 
i it CEE soc Goa eaak asus dukes eee ek eae ss sath oeeuke 25 x 82 in. 
VALVES 
tt aa yk kun bases ke Sab ek ERAS bEN SEARS A EN ew esesen eee Piston 
RSE RR PEs need i ore reer eee ene tree rs 6 in 
TN Sy Oe eer TT ere roo 1 in 
ne oe ocak een care Seabee ak ANS ANd Sew Pale SRE 0 in. 
EA Pe ee ee ra errr ree ere et 3/16 in. 


WHEELS. 
DORE CUENPIOD GET CAPES: oni 5 5 ccc Seo ceseecsecoieecsseaescessee 58 in 
Driving, thickness of tires....... Pe eT CEST Cry eee er ee 4 in. 
Driving journals, diameter and length. BCE ere Ce Cr ee 10 x 12 in. 
Engine truck wheels, Giateter. .....0.cccceccccccccesccccceescess 332 in. 
PGBS TEC, FOUTTINIB 6 6.6.0.6 6.64 006 06 6600660 e ees ORCI OC SC OSES 6% x 12 in. 
BOILER 
EES oO Ee CPE TRA ECC LT yee ee ee EE Te ee eT E. W. T. 
Se OPE LOE Pee ee TE EEC ge TCT re Oe eet 160 Ibs. 
SD Rsere CEE iE IRE DIOR, bios pas ce calteccs.560.46eed00en van eeee 80 in. 
Se WINE IEE ORE TAIERD  6 0 5 bd 5S ws 50.64 56 SbeS Soa wae ee EN eee Ree 109 x 68 in. 
PETE DOR DURUER, TMMCMOER «6 665 50.0 ors sos ce dcccccsesesssweseewas ¥% and %' in. 
TEE OEE eT Tere meer er ar ree in. 
Tubes, RS AEE ER LR ERNE ERS IES HE 358 
Tubes, number euperheater firetubes. .....05.c0ccccsecccccesscesesevnve 2 
Tubes, NEY HUI Gs on a a claigia Seg h nals see ne Rak a kee eee ae 2 in 
Tubes, ee MEMEO 5 'sin.s!k's 85:49'o:4 6-4 oa ERROR RDADEN ORE COME 5% in 
IIS oe 7.5 s sa 16 swe UNAS a dO0s KEE R Se Nw ee eee 14 ft. 6 in 
See en Ae ter te ee rier ee 8,093 sq. ft. 
ee eee See ere ree eer eT er eT 190 sq. ft. 
RU NIE OIIN NE SUL i c's 6554945 SEN 89 SOM OVENS RE CKEAN ED OOO 3,283 sq. ft. 
Superheater heating ee OE EOE eC Te Le On rere 874 sq. ft. 
ee, OEE Te oP ee ET EE CUES T Ure L Te Perr ee re 50.5 sq, ft. 
eR DEE MMII. 5.50.65 co) as waleséesb 4000s DAWES Cees WES RENAE 19 in. 
NSIRDR, WERERE MONO CON iio dici4s bsscs de caeak cue neue peeenes 15 ft. 4 in. 
TENDER. 
NE in ehista aah g Gd Sree detain carci aeie Shera kw dla ole ate elaasie Water bottom 
EL Re Le TOE Fey ee ewe re ree ee iT 13 and 10 in. chan. 
nr IRE 555-5 a cic wae 6s Ca bse s kOe eben 66a Seek eke aeeeene 33 in. 
DORIPNIS, CRINCTES BN TORBEN. 6 6:65c:<'c.o nce ss tedcaicseneesccteses 5% x 10 in. 
WEE TIE 55k cask 400065064845 940s SROs Hed be ROSS ESeEESE 8,000 gals. 
I 62 candicecé van cecsawcanekse abusdesens sinew inwee wen 14 tons 








PERCENTAGE OF POWER BRAKES ON TRAINS. 

The Interstate Commerce Commission held a hearing in Wash- 
ington on May 5th, concerning an increase in the minimum per- 
centage of power brakes on railroad trains. A large delegation 
from the Chicago General Managers’ Association attended the 
hearing with C. A. Seley, mechanical engineer of the Rock 
Island Lines as chairman; he also acted as chairman of meet- 
ings in Washington to arrange for the reports and arguments 
on the part of the railroads. W. B. Scott, assistant director of 
maintenance and operation, Harriman Lines, presented an argu- 
ment from the standpoint of the transportation department. The 
legal argument was participated in by most of the counsel pres- 
ent, including representatives from the Rock Island Lines, New 
York Central Lines, Louisville & Nashville and the Southern 
Railway. Mr. Hamilton, traveling air brake instructor of the 
Santa Fe, presented an argument for the air brake department. 
The argument of the motive power and car department was pre- 
pared by a committee consisting of R. Quayle, superintendent 
motive power, Chicago & Northwestern; J. F. Devoy, mechanical 
engineer of the Chicago, Milwaukee & St. Paul Ry., and F. F. 
Gaines, superintendent motive power of the Central of Georgia. 
It was read by Mr. Gaines and is as follows: 

The original “Safety Appliance Act,” passed by Congress in 
1893, went into effect August 1, 1900, and required that a suf- 
ficient proportion of each train be equipped with power brakes, 
operated by the engineer on the locomotive, to control its speed 
without the need of hand brakes. The amendment of March, 
1903, provided that after September 1, 1903, all trains should 
have a minimum of 50 per cent. of the cars with power brakes. 
By an order of the Commission, effective August 1, 1906, the 


minimum percentage of power braked cars to be used in any 
train was increased from 50 to 75 per cent. Let us consider what 
it would meun in practice if the law was changed to require a 
still higher percentage of cars equipped with air-brakes. 

The law effective August 1, 1900, did not designate what per- 
centage of the vehicles in each train should have power brakes, 
but did say that there should be sufficient power brakes in the 
train to control its speed, without the use of hand brakes. This 
was a very wise provision, and this law, to-day, applies better 
to the mountainous roads than any subsequent legislation or 
rules. It was comparatively easy for the railroad to do this 
as it was simply a matter of money expenditure. 

When the amendment was passed in 1903, requiring that all 
trains should have a minimum of 50 per cent. of the cars with 
power brakes, it was a little more difficult from the standpoint 
of operation, but still it was complied with by the railroads and 
was not impracticable from an operating standpoint. When, 
however, the rule was passed making the percentage of air- 
braked cars in every train 75 per cent. it was found to be more 
difficult. The first 25 or 50 per cent. was easy, the next 25 per 
cent., making a total of 75 per cent., was considerably harder, and 
everything above 75 per cent. will tax the railroads from the op- 
erating standpoint to such an extent that not only will they be 
greatly inconvenienced by attempting to do it, but the traveling 
public and shippers will also be inconvenienced; the former be- 
cause of trains being off schedule by having to make repairs on 
air brakes in the train, and by having to set out cars with de- 
fective brakes, should the number of working brakes be less than 
that prescribed by the Commission; the shippers would be incon- 
venienced because of the cars containing their commodities 
(whether perishable or otherwise) being set out to have such 
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repairs made as would be necessary to maintain the percentage 
required by law. 

The railroads, to-day, particularly the larger ones, where they 
haul a large number of cars, have great difficulty at times in 
making up their trains so as to conform to the present law of 75 
per cent., and should this be increased, the hardship will increase 
in geometrical ratio. Especially is this true on the branch lines, 
where a train starts out with one or two cars and comes to a 
station and picks up another car, and so on, until it gets down 
to the end of the branch line; if one of these cars should be de- 
fective (perhaps one loaded with grain and another with stock) 
it would have to remain until employees were sent out to re- 
pair it. 

It may not be known to the Commission, but it is nevertheless 
a fact that it is not an infrequent occurrence on branch lines 
to pick up empty air-brake cars, solely for the purpose of main- 
taining the legal percentage of air brakes in working order, that 
able to take through to destination some other load 
There- 


such a case, as just noted, if the percentage was in- 


we may be 
of freight upon which the air brake may be inoperative. 
fore, in 
creased, the railroad companies would probably have to carry a 
lot of empty cars in both directions, in order to comply with 
the law; this, notwithstanding the fact that it is upon these very 
branch lines that the traffic is most safe, on account of the in- 
frequency of train service. 

It is generally agreed that in heavy service the percentage of 





inoperative air-brake cars in each train will average about 15 
per cent., such cars being inoperative from all manner of defects 
of brake rigging, as well as from the many defects pertaining 
strictly to the air-brake apparatus. In this service these cars 
come into terminals with regular frequency, at which terminals 
there are competent air-brake men and testing plants; hence, 
when we consider that our efficiency in this particular service 
and under these favorable conditions is but 85 per cent. on an 
average, we can readily conceive that if we are to be confronted 
with a legal minimum higher than 75 per cent., such minimum is 
more than likely to interfere with the service and the prompt 
movement of freight. 

All railroads have what are known as way freight trains, or 
local trains, which do a great deal of picking up; the through 
trains oiten set out cars that are defective for various reasons, 
including air brakes, and these cars have to be picked up and 
brought to terminals for repairs; as the law does not make any 
discrimination as to the kind of service, the railroad company 
operating these local trains is obliged by law to have just the 
same percentage in them as they have in through and more im- 
portant trains; inasmuch as it has been the practice of railroad 
companies to have the local trains do all the picking up of dam- 
aged and defective cars, and having been taxed to the limit to 
keep within the present requirements of the law, it would be 
impracticable for them to do much better without increasing the 
delay to merchandise. 








FLEXIBLE SHAFT APPLICATIONS OF INTEREST TO 
THE RAILROADS. 


The flexible shaft used in connection with the following spe- 
cialties is made by the Coates Clipper Manufacturing Company 
of Worcester, Mass. It consists of hardened steel units; one 
end of each unit is the shape of a spheroid which has been 
trimmed so that a transverse section is square while a section 
taken longitudinally through two of the diagonally opposite cor- 


ners corresponds at the end to part of an ellipse. This fits into a 





A HANDY DEVICE FOR ERASING IN THE DRAFTING ROOM. 





SHOWING CONSTRUCTION OF FLEXIBLE SHAFT UNITS. 


squared socket in the preceding unit. The shaft is thus not only 
flexible but is very strong. The units are held together by a pin 
which does not, however, transmit any power. They are made 
in a number of sizes for transmitting from one-tenth to one 
hundred horse power. The shaft runs inside of a steel spring, 
which is covered with leather, and is equally efficient whether 
run forward or backward. 

One of the illustrations shows a portable outfit for drilling 
rails; it may also be used. for various purposes in the repair 
shops and yards. The motor and controller are mounted on a 
truck and power is transmitted to the drill press through the 
flexible shaft. The drill is attached to a fork or clamp which 
fits over the rails. This is much more easily adjusted than an 
“old man” and can quickly be removed. By means of a lever 
which throws different gears into mesh any one of three speeds 
may be obtained. The motor and the flexible shaft operate at a 





FLEXIBLE SHAFT USED IN CONNECTION 


CLEANING DEVICE. 


WITH CAR WINDOW 





PORTABLE DRILLING APPARATUS SUITABLE FOR TRACK WORK, REPAIR 
YARDS AND REPAIR SHOP. 
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constant speed. An outfit of this kind has been used success- 
fully and been found very efficient for driving cylinder boring 
machines. 

The flexible shaft in connection with a small motor may be 
used to advantage in a number of ways in the drafting room. 
An ink or a pencil eraser revolving at high speed does much 
better and neater work than by hand. A rubber cleaning brush 
may be used for cleaning drawings; a circular sand paper disk 
for sharpening pencils or a circular crocus for sharpening the 
needle points of the instruments or of drawing pencils or for 
removing rust from the instruments. One of the illustrations 
shows an application for cleaning car windows. 














Cylinder Head.—This head is not of the locomotive type, but 
is similar to it in some respects and also to other classes of work 
that are common in railroad shops. The cylinder fit is 28 in. 
in diameter; the head may be machined in two settings and three 
operations, as shown, in one hour and thirty minutes. 

Piston Head.—At the first chucking of the piston head the 
back face, outside diameter, taper and grooves are machined as 
shown by the two sketches. The head is then chucked a second 
time and the front face and the recess for the retaining nut are 
machined; the balance of the outside diameter which could not 
be turned at the first chucking is also finished. The time required 
for a 20 in. head of this type varies from 134 to 1% hours. 
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ROD BRASS HELD IN SPECIAL CHUCK JAWS. 
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PISTON HEAD—FIRST SETTING, 
FIRST OPERATION. 


THE VERTICAL TURRET LATHE IN RAILROAD SHOPS, 





That the vertical turret lathe is well adapted for use in rail- 
road shops is apparent from the large number of these machines 
that have been installed in such shops during the past few years. 
Some idea of the amount and range of work for which it is 
suited may be gained from the number of these lathes (desig- 
nated as vertical rapid production lathes) specified for use in the 
Scranton shops of the Delaware, Lackawanna & Western Rail- 
road, and the work for which they are intended, as shown in Mr. 
Pomeroy’s article in the April issue. 

A machine of this type was described on page 408 of the Oc- 
tober, 1907, issue. It has a main turret head on the cross-rail, 
having a full universal movement, both vertical and horizontal. 
The side head is entirely independent of the main head and is 
carried on a rail at 90 degrees to the cross-rail. The accom- 
panying sketches illustrate its adaptability to railroad shop work 
and also show how simple are its tool requirements. 





PISTON HEAD—FIRST SETTING, 
SECOND OPERATION. 
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PACKING RINGS—SECOND OPERATION. 





Rod Brasses—These may be held to the best advantage by 
special chuck jaws, as shown; the jaws have true surfaces for the 
flanges to rest upon—taper gibs are used to draw the brasses to 
a seat. They are bored and faced at the same time. Brasses for 
seven-inch pins may be bored and faced on both sides in two 
settings in fifteen minutes. 

Packing Rings—In the making of plain packing rings the 
tub casting is bolted to the table and is bored and turned at the 
same time; the rigidity of the two tools is greater than is pos- 
sible with a straddle bar and on that account a tub of greater 
length may be machined without necessitating a reduction in the 
feed and speed used. In cutting off, a series of parting tools 
are held in a simple holder and seven rings are parted at one 
cut—the top tool has a slight lead over the second one, and so 
on down to the last tool, in order that all the tools will not 
break through at the same time. From 80 to 100 rings, 20 in. 
in diameter and 5% in. square, may be machined per day, ac- 
cording to the quality of iron used. 
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We are indebted for this data to The Bullard Machine Tool 
Company, Bridgeport, Conn., on whose machines this work is 
performed. 








MALLET ARTICULATED COMPOUND LOCOMOTIVES 
2-6-6-0 TYPE. 





VIRGINIAN RaILway. 





In addition to the twelve Mikado type locomotives built by 
the Baldwin Locomotive Works, which are illustrated and de- 
scribed elsewhere in this issue, the Virginian Railway is also 
receiving four of the articulated compound type from the Rich- 
mond Works of the American Locomotive Company. The de- 
signs and specifications for all these locomotives were prepared 
under the direction of R. P. C. Sanderson, superintendent of 
motive power of the railway. In working order it is estimated 
that the articulated locomotives will have a total weight of 
330,000 Ibs., of which 312,000 is carried on driving wheels. The 
tractive effort, working compound, is 70,800 Ibs. The Mellin 
intercepting valve is applied which will permit the tractive effort 
being increased 20 per cent. by working both sets of cylin- 
ders as simple engines, a separate exhaust pipe being provided 
from the high pressure cylinders to the front end for this pur- 
pose. 

A two-wheel leading truck has been specified, making these 
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engines of the 2-6-6-0 type, this being the first example of this 
wheel arrangement to be put in service in this country. A 
fully illustrated and detailed description of these locomotives 
will appear in the Jaly number of this journal and but a brief 
mention of a few of the most prominent features will be made 
at this time. 

A radial stayed extended wagon top type of boiler, 76 in. in 
diameter at the front ring, is used. It contains 390 2% in. tubes, 
21 ft. long, and has a total heating surface of 5,065.9 sq. ft., of 
which 4,842 sq. ft. is in the tubes. The firebox is 114 in. long 
and 72 in. wide and has a grate area of 57 sq. ft. The mud 
ring is 5 in. in width at the sides and back and 6 in. wide in 
front. The location of the boiler, relative to the frames and 
cylinders, is shown in the outline diagram above. 

The design of the frames and cylinders is much the same as 
has been used by these builders on locomotives for the Baltimore 
& Ohio and Erie Railroads. The application of the front truck 
made necessary some changes in the exhaust pipe from the low 
pressure cylinders and introduces two sliding supports on the 
front group of frames instead of one. The high pressure cylin- 
ders have piston valves and the low pressure Allen-ported slide 
valves. The front and rear systems of frames are equalized to- 
gether by a vertical bolt, the load through the bolt to the rear 
section being transmitted through a coil spring. A flexible sup- 
port at this point is required because of the three-point applica- 
tions of weights to the front group of wheels. 

The cylinders are 22 and 35 in. in diameter, with a stroke of 30 
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in. The wheels are 54 in. outside diameter and the rigid 
wheel base is 11 ft., the total wheel base being 39 ft. 11 in. The 
boiler carries 200 lbs. of steam pressure and soft coal is used 
for fuel. 

An interesting feature of the design is the arrangement of the 
draw gear between the engine and tender, in which the locomo- 
tive draw bar pin is horizontal and is inserted through the side 
of the foot plate. This construction will be illustrated when the 
locomotive is more fully described in the next issue. 

The locomotives are designed for use as pushers with heavy 
coal trains on the Clark’s Gap grade on this railway, which is 
2.07 per cent., 14 miles in length. Later it is intended to use 
them in similar service on the White Thorne grade, which is 
.6.per cent., 10 miles in length. 





RAILWAY STOREKEEPERS’ CONVENTION.—The sixth annual con- 
vention of the Railway Storekeepers’ Association was held in 
the Auditorium Hotel, Chicago, on May 17, 18 and 19. Com- 
mittee reports and individual papers were presented on store 
department organization; locomotive tools and supplies; classi- 
fication of material; pricing requisitions before purchasing and 
several papers on treatment and inspection of lumber. Dr. 


Von Schrenck, supervisor of timber preservation on the Rock 
Island, gave an illustrated paper on “The Treatment of Lum- 
ber,” 


which attracted much interested attention. Details of 
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comparative costs of ties and lumber during the past twenty 
years on the New York Central Lines west of Buffalo were 
presented. Topical discussions were given on the subjects of, 
“Prompt and safe transportation of company material in other 
than supply cars” and “Minimum stock, how influenced by 
prompt purchase and delivery.” The reports, papers and discus- 
sions were of a very valuable nature throughout. 





Master MEcHANICcS’ SpeciAL TRAIN FROM Cuicaco.—The 
Pennsylvania Railroad will run a special train from Chicago to 
Atlantic City for the accommodation of the members of the 
mechanical associations. This train will leave Chicago at 5:30 
P. M. June 14, and arrive in Atlantic City at 5:00 p. m. June 15. 
The fare will be $26 for the round trip. Tickets will be on sale 
june 1 and have a 30-day return limit with stop-over privileges. 
Reservations can be secured at the office of the city ticket 
agent, 248 South Clark street, Chicago. 





PENNSYLVANIA ELectric Locomotives. — The Westinghouse 
Electric and Manufacturing Company has received orders for 
twenty-four electric locomotives for service in the New York 
tunnels of the Pennsylvania Railroad. Each locomotive will con- 
sist of two units permanently coupled together and the wheel 
arrangement of the complete machine will be of the 4-4-4-4 
type. These engines will be larger and more powerful than 
any electric locomotives heretofore built, each having a ca- 
pacity of about 4,000 horse power. 
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TURRET LATHE ADAPTED FOR EITHER PIN OR FACE PLATE WORK. 


A NEW TURRET LATHE FOR PIN WORK. 





A turret lathe that will handle kar work up to six inches is a 
Crosshead wrist 
pins, knuckle ‘joint pins, the smaller sizes of cramk pins, large 


necessity in a large locomotive repair shop. 


washers, bushings, etc., can be turned in much less time than re- 
quired on an engine lathe. 

A combination turret lathe, adapted for either bar or face plate 
work, may be used to advantage in both the larger and smaller 
size repair shops. The illustration shows a machine of this kind 
built by the Pond Works of the Niles-Bement-Pond Company. 
It is driven by an eight-inch belt, but, if desired, may be fur- 
nished with a motor drive, the motor being mounted above the 
headstock. With the belt drive fifteen spindle speeds are pro- 
vided, including those furnished by the countershaft. The auto- 
matic turret traverse and the revolving mechanism make the 
machine easy to cperate. 

The lathe is designed for handling work up to 28 in. in diame- 
ter; the swing over the carriage arms is 26 in. and over the car- 

















UNIVERSAL SAW BENCH SHOWING RIPPING FENCE IN ITS 
NATURAL POSITION. 


riage 24% in. The face plate is equipped with a 24 in., three- 
jaw, universal chuck with special jaws for bar work. Other 
types of jaws may be furnished to suit special classes of work. 
The carriage is so designed that it passes under the chuck, per- 
mitting the faces of the turret to be run close to the chuck. This 
is a most desirable feature as it reduces the overhang of the bor- 
ing bars and facing heads to a minimum. Six changes of inde- 
pendent feed are provided for both the carriage and the turret, 
each having a separate lead screw, so that the work may be 
turned while boring is being done at different rates of feed. 

The turret has a travel of five feet. It has a rapid power 
traverse om the bed and rotates automatically at any desired 
point of traverse. These movements are controlled by one lever. 
Fach turret face has an independent feed stop. The wide faces 
of the turret make it possible to rigidly secure the heaviest tools. 

The lathe may be built with either a 6 or a 4%4-in. hole through 
the spindle. Its design and weight are such that it is adapted 
for a heavy class of work. 


UNIVERSAL SAW BENCH. 





The universal saw bench, illustrated herewith, will rip any 
width up to 26 in., cut off any width up to 36 in., make any 
angular cut to 45 degrees, and by the use of a dado head groove 
any width up to 434 in. It is fitted with self-locking and self- 
oiling devices and has quick and micrometer adjustments for 
locating the ripping fence and tilting the table. An endless belt 
transmits the power through a tightening device to pulleys on the 
two saw arbors upon the yoke, which may be revolved by a worm 
and worm gear mechanism so as to place either saw in opera- 
ticn. 

The table may be tilted by turning the lower handwheel, which 
operates a worm, worm-wheel, arm and lever. A dial, placed so 
that it may be read easily while the table is being tilted, is pro- 
vided showing accurately the degree of pitch. The table is 
divided into two parts, a stationary table 24x44 in. and a sliding 
table 17 x 44 in. Each table is furnished with sliding gauges 
graduated from 30 to 150 degrees; strips of steel are provided to 
fill the gauge slots when not in use. The sliding table is 
graduated from 30 to 150 degrees; a miter cut-off gauge is used 
in connection with this scale. The frame carrying the sliding 
table may be set back by loosening a cam lever at each end, per- 
mitting the use of dado or cutter heads up to 414 in. in width. 
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The ripping fence is adjustable to rip 26 in. wide on the sta- 
tionary table; it also operates on the sliding table for bevel 
sawing; it tilts from 90 to 45 degrees and has an adjustment of 
10 in. without changing the pins. The fence is provided with an 
adjustment of 10 in. from the front edge of the table. 

The arbor yoke carrying the cross-cut and rip saw is made in 

















TABLE TILTED TO 45 DEGREES, 


one casting and is 6%4 in. in diameter where it passes through 
the yoke hole in the frame. It is locked in position by a 
threaded split cap bearing 914 in. in diameter. The other end of 
the yoke is supported by a substantial, removable, steady plug. 
The arbor bearings are long and self-oiling; the arbor pulleys 
are grooved and are 44 in. in diameter, 51% in. face. The arbors 





























.1)N OF MOTOR DRIVE TO UNIVERSAL 


SAW BENCH. 
are of crucible steel and one of them is arranged to receive dado 
cutters. A special device is provided for taking up all end play 
in the arbor. ; 

The machine weighs 2,100, is designated as No. 60, and is 
manufactured by the “Oliver” Machinery Company, Grand 
Rapids, Mich. It may be arranged to drive either from a counter- 
shaft or motor; the motor may be mounted on a specially 
arranged bracket attached to the base of the machine, or may be 
set on the floor. 








SAFETY OF PASSENGER TRAVEL.—During the calendar year of 
1908, of the 141,659,543 passengers carried on the Pennsylvania 
Railroad, not one was killed as a result of an accident to a 
train. The total number of passengers injured in train acci- 
dents numbered only 102 as compared to 452 in 1907. 


PERSONALS. 





F, E. Fox, master mechanic of the Denver & Rio Grande R. R. 
at Denver, Colo., has resigned. 





A. Shields, master mechanic of the Canadian Northern Ry., has 
been appointed also master mechanic of the Duluth, Rainy Lake 
& Winnipeg Ry. 





Willard R. Collins has been appointed the purchasing agent 
of the Erie R. R., with office at New York, succeeding E. T. 
Campbell, assigned to other duties. 





H. Carrick, assistant division master mechanic of the Oregon 
Short Line at Pocatello, has been appointed master mechanic of 
the Montana division, with office at Pocatello. 





A. H. Gairns, division master mechanic of the Oregon Short 
Line, with office at Pocatello, Idaho, has been appointed master 
mechanic of the Idaho division only, with office at Pocatello. 





A. R. Kipp, formerly superintendent of motive power of the 
Wisconsin Central Ry., has been appointed mechanical super- 
intendent of the Chicago division of the Soo Line. 





J. H. Davis, assistant electrical engineer of the Baltimore & 
Ohio R. R., has been appointed the electrical engineer, with of- 
fice at Baltimore, Md., succeeding L. T. Gibbs, deceased. 





W. M. Netherland, general storekeeper of the Southern Rail- 
way, has been appointed also the general storekeeper of the 
St. Louis-Louisville Lines, with office at Washington, D. C. 





J. B. Finley has been appointed the general storekeeper of the 
Harriman Lines in Mexico and Southern Arizona, with office 
at Empalme, Sonora, Mex., succeeding G. V. Green, resigned. 





George Ross, district foreman of the Oregon Short Line at Salt 
Lake City, Utah, has heen appointed master mechanic of the Utah 
division, with office at Salt Lake City, and the office of district 
foreman has been abolished. 





J. J. Ellis, for a number of years in the motive power and me- 
chanical department of the Chicago, St. Paul, Minneapolis & 
Omaha Ry., and until the early part of this year superintendent of 
motive power, has retired from railway service. 





T. A. Foque has been appointed general mechanical superin- 
tendent of the Minneapolis, St. Paul and Sault Ste. Marie Ry. 
This road has recently leased the Wisconsin Central Ry. and 
will operate it as part of its own system to be known as the 
Chicago division. 





CATALOGS. 





Arr CyLinper Lupricator.—The Detroit Lubricator Company is issuing a 
small folder describing its sight-feed air cylinder lubricator. These lubri- 
cators were described in the columns of this paper, November, 1908, and 
since that time have been subject to a number of improvements, which are 
fully described in this leaflet. 


VALUABLE GRAPHITE Propucts.—What might be called a pocket edition 
general catalogue is being issued by the Joseph Dixon Crucible Company, 
Jersey City, N. J. This little pamphlet, which is of commercial envelope 
size, lists the principal products of this company, giving brief descriptions 
and prices, and will no doubt prove to be of value to any one who may 
have an occasion to use or specify graphite in any of its forms. 


Drrect-CurrENT GENERATORS.—Engine-type direct-current generators, de- 
signed for general lighting and power service, are illustrated and described 
in detail in Bulletin No. 1059, being isued by the Allis-Chalmers Company, 
Milwaukee, Wis. These machines are suitable for direct connection to 
steam, gas or oil engines and have many features of construction which 
have given them a well-established reputation for reliability. 
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RatcHET WrENCHES.—The Lowell Wrench Co., Worcester, Mass., is 
issuing a leaflet giving illustrations, brief description and price list of re- 
versible ratchet wrenches in a number of different styles. 


Taree Toots THAT Save.—The Cleveland Twist Drill Company, Cleveland, 
Ohio, is issuing a small folder calling attention to the catalogues which it 
has prepared descriptive of “Peerless” high-speed reamers, ‘Perfect’ 
double-tang sockets and “Paradox” adjustable reamers. This leaflet briefly 
mentions the prominent advantages of each tool. 


DISTRIBUTING TRANSFORMERS.—Circular No. 1502, issued by the Westing- 
house Electric & Mfg. Company, contains much valuable information on 
alternating-current distribution, covering transformers, lightning arresters, 
insulators, etc. Considerable space is devoted to underground and overhead 
construction, applicable in congested and scattered districts. Information 
is also given on potential regulating systems. The circular contains 52 
pages of information of value to any one concerned with the distribution of 
power by alternating-current lines. 


TRIBUTE TO THE GALENA S1GNAL O1rts.—The address of Attorney John G. 
Milburn in the suit of the Government vs. the Standard Oil Company, in 
which he gave a deserved tribute to Gen. Chas. Miller, is being issued in 
small pamphlet form by the Galena Signal Oil Company, Franklin, Pa. 
He stated that no basis exists for any charge against the Standard Oil 
Company in the achievements of General Miller with the Galena Signal Oil 
Company, and that, on the contrary, he is entitled to much credit for his 
methods. 


TirE Turninc.—The May issue of “Progress Reporter,’’ Niles-Bement- 
Pond Company, 111 Broadway, New York, is devoted to the subject of tire 
turning. It gives a number of excellent illustrations of wheel lathes in 
operation, both for driving and car wheels, and recounts some of the results 
that are being obtained in regular daily service on the various machines. 
The three tools that are necessary for proper turning of driving and car 
wheel tires are illustrated by photographs and full-dimensioned line draw- 
ings. 


Locomotive Repucinc VALvEs AND Air Pump Governors.—The Mason 
Regulator Company, Boston, Mass., is issuing a small catalogue which fully 
describes the construction, operation and proper maintenance of the Mason 
locomotive reducing valves and air pump governors. Sectional illustrations 
with numbered parts make the descriptive matter and directions for cleaning 
very clear. These reducing valves are standard on the leading railway 
systems of this continent, as well as in Great Britain and Europe and 
wherever else steam heating of trains has been introduced. 


FarrBanKs-Morse & Co., Wabash Ave. and Eldredge Place, Chicago, are 
issuing a 640-page general catalogue, No. 60, which illustrates, briefly de- 
scribes and gives tables of full dimensions and prices of the products 
handled by them. The products of this company are too extensive and 
diversified to be given individual mention in this place, and in general in- 
clude machinery and tools of the following classes: Electrical machinery, 
which takes in both motors and generators for direct or alternating current; 
gas and gasoline engines and suction producers, including gas engines of all 
sizes and types; mining machinery, including air compressors, hoists, full 
electrical equipment, rock drills, etc.; pumping machinery for either high 
pressure or irrigation; steam engines and boilers of many types; scales, 
which, of course, include practically every known type of weighing machine; 
wind mills, pipe fittings, hose, etc., and railway machinery and supplies, 
which include coaling stations, hand cars, motor cars, track and shop sup- 
plies of all kinds, gasoline locomotives, water stations, turntable machinery, 
etc. The catalogue is bound in cloth, well printed and is profusely illus- 
trated. 


Car Heatinc ann Licutinc.—A 9x 12-in. catalogue, arranged in loose- 
leaf form, with a special post binder and containing over 200 pages printed 
on heavy coated paper, is being issued by the Safety Car Heating & Lighting 
Company, 2 Rector St., New York. The contents of this catalogue makes 
clear the thorough manner in which this company is meeting the demand in 
the car lighting and heating field. Among the devices which have been 
given special attention are the axle dynamo electric lighting system and the 
thermo-jet system for heating, which have during the past few years de- 
served and been given special recognition by railroad managements. The 
axle light system has been perfected after sixteen years’ experience, and in 
its present arrangement presents all that makes for efficiency, reliability and 
econonw. The service that has been given by the new thermo-jet system 
of car heating has been most pleasing to this company, and this system, 
which is a form of heating by direct steam and provides absolute regulation 
of the temperature at all times, is fully described in the catalogue. The 
Pintsch gas mantle lamp is, of course, fully shown. ‘This form of lighting 
has been received with great favor, and large numbers of the old flat-flame 
equipment are being altered to these mantle lamps, with great satisfaction 
and economy. The catalogue is fully illustrated, finely printed and at- 
tractively arranged. 





NOTES. 





Homestead VatvE Mrc. Company.—Woodward Wright & Co., of New 
Orleans, will represent the above company in that district and will carry a 
complete stock of Homestead valves. 


T. H. Symincton Company.—William A. Garrett, president of the Sea- 
board Air Line, has resigned and on Nov. 1 will become vice-president of 
the above company at Baltimore, Md. 





CrocKer-WHEELER Company.—Edmund Lang has been placed in charge 
of the repair shops of the above company at Ampere, N. J. Mr. Lang for 
the past five years has held an executive position with the Wheeler Con- 
denser & Engineering Company. 


Rocers Journat Pacxinc Company.—Willis C. Squire, 307 Western 
Union Building, Chicago, has been appointed general sales agent of the 
above company, which is now manufacturing a much-improved journal pack- 
ing, using the original Rogers steel wool in combination with high-grade 
cotton waste mixed with sponge. 





Sarety Car Heatinc & Licutinc Company.—In order to enable the 
largest steamers to enter New York harbor at night, the government has 
ordered a large number of Pintsch gas buoys for indicating the channel. 
There are 2,200 buoys of this type now in service throughout the world, a 
clear indication of the reliability of Pintsch gas equipment. 


Frannery Borr Company.—This company reports that locomotives 
equipped largely with Tate flexible staybolts, are now running, which have 
been in service for over three years with no staybolt breakage, with no 
cracking of side sheets and no engine time loss due to staybolt repairs. 
They will be glad to give the locations of such engines to any one in- 
terested. 


Szack Manuracturtinc Company.—W. W. Slack, president, and H. K. 
Parkman, secretary of Gilman & Son, Inc., Springitield, Vt., and G. C. 
Parker, sales manager of the Wm. J. Smith Company, New Haven, Conn., 
have formed a partnership for the purpose of manufacturing and selling 
abrasive metal cutters, under the name of Slack Manufacturing Company, 
Springfield, Vt., al! parties to retain their present positions with their re- 
spective companies. 


L. E. WaterMasx Company.—The business of this company in Canada has 
increased to such an extent that it became necessary to build a Canadian 
factory, which was recently completed and opened with proper ceremonies 
on the twenty-fifth anniversary of the company. It is located at St. Lam- 
bert, near Montreal, and contains 31,000 sq. ft. of floor space. It is of 
concrete construction and fitted throughout with the most modern ma- 
chinery for making fountain pens. 


Wa ter B. Snow, publicity engineer, 170 Summer street, Boston, an- 
nounces the association with his staff of Carl S. Dow, S.B., engineering 
department, Harvard University, late publicity manager B. F. Sturtevant 
Co., and formerly in charge of instruction and text book departments, 
American School of Correspondence. Mr. Dow brings to the organization a 
diversified experience which will add materially to the value of the service 
rendered in all lines of technical publicity. 


Fatts Hottow StaysBott Company.—A large order for Falls hollow stay- 
bolt iron has recently been received from one of the largest railway systems 
in England. This railway wishes to test this iron, with a view of adopting 
it as a standard. Several new agencies have been established by this com- 
pany during the past month. Among these are Brydges Engineering & 
Supply Company, 249 Notre Dame Ave., Winnipeg, Can., who will cover 
the territory in Canada west of Lake Superior. Mussens, Ltd., 299 St. 
James St., Montreal, Can., have been allotted the territory in Canada 
east of Lake Superior. H. J. Skelton & Co., Royal London House, 
Finsbury Square, London, E. C., has been made the representative for the 
British Isles and India. 


CarDWELL Fricrion Drart Gear.—The Union Draft Gear Company, of 
Chicago, has recently been organized, with the following officers: James R. 
Cardwell, president and general manager; Charles A. Jennings, vice-presi- 
dent; John D. Ristine, secretary and assistant treasurer; C. H. Tobias, 
treasurer and assistant secretary. The company has a paid-up capital of 
$2,000,000 and has bought the patents and business of the Cardwell Manu- 
facturing Company. It will continue the manufacture and sale of the 
friction draft gear which was started by that company in the latter part of 
1904. The evolution of draft gear has shown that a gear for simply length- 
ening the stop when cars are bumped or jerked will not suffice, but that the 
gear must absorb the blow. Reports of drop tests recently made of Cardweli 
friction gear show that a blow of 1,660,500 Ibs. is reduced to 115,312 lbs. in 
passing through it, and a blow of 1,037,812 lbs. is reduced to 15,375 Ibs. It 
is the failure of draft gears thus to absorb buffing shocks that adds so 
greatly to the repair bills. The Cardwell gear is designed to reduce by one- 
half the speed of the blow or impact in transmitting it to the car. This 
reduces the force of the blow to one-fourth. This fourth is resisted by 
springs on a floating spring rod, actuated by the operation of twelve trans- 
versely acting friction faces which continue the work of absorption, so that 
the shock to the car is enormously reduced. The gear is easily applied, is 
open to inspection and may be readily repaired. The Union Draft Gear 
Company starts in business with a large number of contracts and orders on 
hand. Its principal business will be the manufacture of the Cardwell 
friction draft gear, but it will also sell spring draft gears where they are 
desired. 























PRESIDENT’S ADDRESS—-MASTER MECHANICS’ ASSOCIATION 





H. H. VAUGHAN 





In 1868 six master mechanics attending the Master Car Build- 
ers’ Convention at Dayton decided to call a general meeting at 
Cleveland to organize an association of the master mechanics of 
the United States and Canada. At that meeting, which was held 
later on in the same year, fifty were present, representing many 
of the most important lines of railways in the country, and a 
constitution was adopted with the following preamble: 

“We, the undersigned railway master mechanics, believe that 
the interests of the companies by whom we are employed may 
be advanced by the organization of an association which shall 
enable us to exchange information upon the many important ques- 
tions connected with our business.” 

These words outlined the object with which the new society 
began its career, adopting as its purpose the discussion of the 
best methods of construction and operation of the locomotive at 
a time when it had just emerged from the experimental stage 
and was assuming a permanent and fairly uniform design. It 
had already taken its place in the world as the most powerful and 
economical engine of transportation, but few even who were 
connected with it in those days could have foreseen the develop- 
ment it was to undergo or the extent to which it would render 
possible the cheapening and extension of the transportation facili- 
ties of the world, the chief factor in the wonderful change that 
has taken place in the relations of nations, the distribution of 
food supplies and the growth of manufactures, cities and conti- 
nents. 

The association so quietly started was well founded. It had 
chosen for its aim a work that was needed, and as the railways 
of the country grew, it grew with them, until now, forty-one 
years later, we have a membership of nine hundred and sixty-one 
(961), representing every railway in the United States and Can- 
ada, and a large number of those in foreign countries. It has 
been unique in its devotion to the locomotive and its problems 
alone, but its object has proved worthy of its attention, and we 
are to-day confronted with problems just as important as those 
which our predecessors considered, none the less vital to us be- 
cause they are broader in scope and because financial considera- 
tions are now more closely connected with those which are purely 
technical. 

I have always been deeply interested in the history of this 
association; I have been a great admirer of the work that it has 
done, and I am going to take this opportunity to speak to you 
of the success it has obtained, the methods it has used, and the 
opportunities that lie before it for the future. 

It is impossible to review in detail the work which has been 
accomplished; the mass of information contained in our pro- 
ceedings is too great for individual reference. To even touch 
on the more important subjects would necessarily result in a 
mere catalogue. Figures are but a poor way of illustrating re- 
sults, but in the forty-one years of our proceedings three hundred 
and fifty-one (351) reports of committees, sixty (60) individual 
papers and one hundred and fifteen (115) topical subjects have 
been presented and discussed. Of these reports and discussions 
it may be stated that one hundred and twenty-six (126) contain 
information of special interest at the present time, while two 
hundred and eighty-three (283) are of specific value, either in 
whole or in part. While this classification is to a certain extent a 
matter of opinion, it shows most decidedly the general excellence 
of the work which this association has done. It has investigated 
almost every conceivable subject connected with the locomotive, 
its construction, operation and maintenance, developing, criti- 
cising and discussing it as it progressed from the little sixteen-inch 
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eight-wheel locomotive of the sixties to the magnificent freight 
and passenger equipment of the present day. To say that the 
wonderful development that has taken place is entirely owing to 
the work of our association would be an exaggeration. Apart, 
however, from the facts determined in our reports, the improve- 
ments they have suggested, and the practice they have introduced, 
our meetings have year by year been attended by the men en- 
gaged in carrying on and advancing this work. They have pre- 
sented their own views in our discussions, they have heard the 
views of others, and, whether speakers or listeners, have returned 
home from our conventions with their opinions modified, new 
ideas conceived and their experience broadened. With that re- 
newed energy and interest in their work which invariably results 
from communication with other workers in the same field, they 
have put into practice suggestions which have been advanced and 
by their daily work have together built up that mass of knowl- 
edge and experience that has resulted in the production of the 
American locomotive of to-day. In such ways, as well as by the 
exchange of information, our association has succeeded in its 
object in being of benefit to the railways by whom our members 
are employed. 

Our work has not been limited, however, to the exchange of 
information, but from the very beginning our committees have 
done far more than obtain and report existing facts or give the 
opinion they have formed as a result of their inquiries. This has 
been an important and valuable portion of their work, and our 
history shows that in the large majority of cases it has been done 
well. The answers received to the letters of inquiry have fre- 
quently indicated a great divergence of opinion or a lack of 
proper knowledge, while our later experience has justified the 
committee’s decision. Their reports have presented carefully 
thought out and correct conclusions, which have through their 
evidence of thorough investigation and the standing of the mem- 
bers of the committees, been widely accepted and of valuable 
assistance in establishing advanced practice. A development of 
their work to which I wish to call your attention has not, I 
believe, been generally awarded the credit it deserved, yet it has 
been the source of the greatest influence exerted by our associa- 
tion, and of the importance of its service to the railways. I refer 
to the investigation of the scientific principles underlying the ques- 
tions assigned to our committees, the tests and experiments they 
have carried out when necessary to determine additional data, 
and the correct and practical conclusions they have deduced. As 
a result their work stands to-day as the basis of most of our 
scientific knowledge of the locomotive, the engineering principles 
on which it is designed, and the reasons for the methods by 
which it is operated. 

I do not mean that we have to look to our committees for 
all the knowledge that is available on the theoretical mechanics 
of the locomotive, or for such researches as those on the proper- 
ties of steam, the strength of materials, or the chemistry of com- 
bustion. That las been the work of the mathematician or physi- 
cist, and its value in solving the practical problems of engineer- 
ing is limited by the vast number of factors which enter into 
actual working conditions. Our work on the other hand, has 
been the observation and interpretation of results in a scientific 
manner, and through being carried on by practical men, who have 
established the relation between the facts they ascertained, and 
the theoretical principles underlying them, has been sound in its 
basis, and rendered general in its application. 

What further can we do to increase our usefulness and develop 
into still more important fields of work? I feel that in making 
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suggestions I am recording my own sins of omission, and yet 
when a man endeavors to seriously consider such a question, 
ideas occur to him that previously lay dormant or unthought of, 
and this must be my excuse for recommending now what I have 
not done. Our opportunities are somewhat different from those 
of our great sister society, the Master Car Builders’ Association. 
We have no such business relationships to regulate between one 
road and another as those involved in the interchange of equip- 
ment. The possibilities of establishing additional standards that 
would be extensively used are few, and indeed it is very doubtful 
whether standards are of much value for the locomotives of an 
entire country. We must consequently ask ourselves whether 
we are obtaining all classes of information that are of possible 
value, and whether our committee reports, individual papers and 
topical discussions could be advantageously supplemented by any 
other activities. 

We are face to face with several changes in the development of 
our motive power and the department having charge of it. The 
steam locomotive, that has been supreme for so many years, is 
finding its superiority questioned by a new invention, the electric 
locomotive. The small railway with its individual methods is 
being absorbed into large systems, and superintending and record- 
ing the work under the charge of our members is becoming more 
difficult. The growth of the large mechanical departments has 
made it impossible and in fact undesirable for their heads to 
retain the same touch with minor mechanical and operating de- 
tails that they formerly had to, and has increased the importance 
of the financial and business questions they should control as 
compared to those of a mere technical nature. Unless this asso- 
ciation and its members concern themselves seriously with these 
new and larger problems, there is danger of their work being 
undertaken by others in place of by ourselves. 

The articulated locomotive has widened the field of the steam 
locomotive and enabled it to compete on more favorable terms 
with its younger and more powerful rival. We should be in- 
formed of every development in this line, the results and the 
experiences that are being obtained and the reduction in the cost 
of transportation that is being realized. We should also, I feel, 
know more of electric operation, so that as motive power officers 
we may be better informed as to its advantages and disadvan- 
tages, and may be in position to assist in deciding on the proper 
system to employ. 

The advice of men experienced in motive power matters is 
needed by the railways in making decisions on this question. To 
be of value it must be based on a thorough understanding of the 
subject and a familiarity with its difficulties. I would urge your 
giving earnest attention to this important subject, which thus 
far has received too little consideration by the men who best 
understand railway motive power conditions. 

Systems of organization are changing with the changes in our 
railways and new methods are being introduced for watching 
results. We should compare experience as to the efficiency of 
various types of organizations, obtain more information as to the 
best forms of records, statements that are actually found useful 
and successful in practical service; comparisons that can be made 
on a reasonable basis and are interchangeable. 

I believe we should endeavor to pay more attention to the 
commercial side of our work than we have done in the past. 
Excellent as our work has been, it has with few exceptions inves- 
tigated the technical rather than the business problems of the 
locomotive. 

We certainly do not want to decrease our attention to technical 
matters, but could we not with advantage to our members and to 
the railways take more interest in, and exchange information with 
each other more fully on factors connected with the cost of oper- 
ation? 

It is true that some years ago a standard postcard performance 
sheet was adopted and for a time was extensively exchanged, but 
it fell into disuse, and yet a properly prepared performance sheet, 
giving figures useful and possible of comparison, would, I feel 
sure, be of considerable value and interest to us all. The benefits 
of a membership in this association would be increased by infor- 
mation as to each other’s cost of engine house expenses and sup- 


plies, of repairs and fuel consumption, the percentage of power in 
shops and out of service, and a number of other figures that have 
to be continually watched. Knowledge of the results obtained by 
others would assist us all in gaging our own performance, in 
more easily locating the branches in which we are deficient, and 
in encouraging all to a higher uniformity of accomplishment. 

In short, without in any way reducing the interest we have in 
locomotive engineering, we must take up in a far more business- 
like and serious way the financial problems connected with the 
operation of the locomotive department, the form of organization 
that will give the best results, the commercial aspect of the work 
of a motive power official in conducting his department as though 
he were manager of a large business enterprise. 

Take as an instance of comparing costs the operation of our 
repair shops. We manage the largest collection of factories in 
the world devoted to one substantially uniform product, the 
repairing of locomotives, and our total expenditure for this item 
alone amounts to about eighty million dollars per year. Each 
and all have the keenest interest in knowing whether our meth- 
ods are the best and our costs among the lowest. A few years 
ago comparisons would have elicited little, but some statements 
of performances which were exceptionally worthy of imitation; 
to-day, with the progress that has been made in shop engineering, 
there is no reason why properly trained observers should not 
record time studies containing the necessary data to prepare intel- 
ligent and valuable statements about one operation after another 
that is performed on substantially the same parts in hundreds of 
shops from the Atlantic to the Pacific. Such work is possible and 
it has already been performed in several shops by experienced en- 
gineers. If carried on by a properly organized bureau under our 
auspices, it should be of the greatest value not only to the rail- 
ways of this country as a whole, but to our members individually. 
By comparing operation by operation, their results with those of 
other roads, and by analyzing their methods and available ma- 
chinery, they would be enabled to improve the one or justify 
their expenditure for additions to the other. This is but one of 
many questions connected with the operation of our mechanical 
department which will occur to you, on which some systematic 
interchange of information would be of material assistance. 

What I wish most strongly to impress on you is that while still 
carrying on the technical work that has been so splendidly suc- 
cessful, we should pay more attention to the business problems 
under our control in which we can be of such mutual service. 

Our methods of obtaining information might also, I consider, 
be supplemented to advantage by effecting closer relations with 
the various railway clubs. The circular letter has been a practical 
failure in obtaining general information, and I feel sure that the 
railway clubs would. welcome reference to them of certain sub- 
jects for their opinion, especially those on which the experience 
of the men actually in touch with the work is required. They 
have a large membership, representing every section of the coun- 
try and every class of men engaged in locomotive work. On 
many subjects their views would be of far greater value than 
those obtained in answer to circular letters, especially on ques- 
tions similar to those suggested for topical discussion. 

A valuable practice which obtained in the past, but which has 
been discontinued in recent years, was the appointment of a com- 
mittee to report on the advancement in locomotive practice during 
the year. There are numerous small improvements devised in 
railway shops which would be collected by a committee gaining 
its information from the railway clubs. These improvements, 
while not of sufficient importance in themselves to justify a report 
or paper, are of considerable value in our successful operation, 
and presented by a committee would have sufficient indorsement 
to insure their being carefully considered. 

Co-operation with the railway clubs would also relieve the 
association of the discussion of details of minor importance 
which have occupied so much time in the past. Such discussion 


is necessary, and, in fact, of the greatest value, but it more prop- 
erly belongs to local societies where local conditions are under- 
stood and where it can be carried on just as efficiently and satis- 
factorily as when occupying the time of a national associaticn. 
Our association could, I believe, also be of considerable value 
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with reference to the various legal questions that are arising in 
connection with locomotive construction and operation, by co- 
operation with the American Railway Association. We could 
provide a systematized organization for obtaining the opinions 
of the railways with the proper representation for each section 
of the country and a meeting at which important questions could 
be discussed. 

Any development in this direction must, however, come at their 
request, and we can simply indicate our willingness to undertake 
any work in which we can be of use. 


The present system of holding the conventions of the Master 
Mechanics’ and Master Car Builders’ associations in two sepa- 
rate weeks prevents many from attending one or the other. The 
consequence is the attendance is largely divided, and unfortu- 
nately so, as the majority of the members of either association 
are equally interested in the other. There are two remedies: the 
first, to hold the two conventions in one week; the second, to 
unite the two associations. When this was last proposed by the 
late Mr. Pulaski Leed in 1898, our executive committee was 
instructed to confer with that of the Master Car Builders’ Asso- 
ciation, but, although a report was made to the succeeding con- 
vention, suggesting that both conventions should be held during 
the same week, nothing was done. 

It is a reflection on the business ability of our mechanical de- 
partments to continue an arrangement that necessitates a man 
being away from his work for practically two weeks at the meet- 
ings of important associations, which he should, for his own sake, 
and that of the railway employing him, attend and take part in. 

There is to-day no valid reason for maintaining two separate 
mechanical railway associations. All the officers and members of 
the executive committee of the Master Car Builders’ Association, 
with the exception of two, seventy-five per cent. of the members 
of the standing committees, and seventy per cent. of the 
members of the special committees, hold joint department titles. 


These figures demonstrate most clearly the amalgamation that 
has taken place between the car and locomotive departments on 
our railways. They justify the statement that the time has 
arrived not for the absorption of one of our associations by the 
other, but for their uniting into one society, call it, if you please, 
the American Railway Mechanical Association, which would con- 
sider both car and locomotive matters. Such a step is demanded 
by the spirit of the times, to conserve the forces of our railway 
officers and economize their time. It is one of the most important 
questions we have to deal with, and I would impress on you the 
necessity for action being taken to remedy the present conditions. 

The help of our association has been requested by the National 
Conservation Commission, and it has been informed that our re- 
sources would be at their command either for purposes of investi- 
gation or to ascertain the recommendations of our members in 
any respects in which we could be of service to them. A commit- 
tee was also appointed which could co-operate with them if re- 
quired, or with any of their committees, but so far this Las 
proven unnecessary, and our position has been simply that 
of exhibiting our willingness to perform any work that 
might assist this important movement. We have, however, our 
own share to carry of the duty of the nation to posterity. The 
railways are one of the largest consumers of coal, and in most 
cases peculiarly indifferent to the economy with which it is used. 
About two hundred millions of tons are annually burned in loco- 
motives alone, and we do not therefore need to ask in what direc- 
tion we can be of service in assisting this commission. Our work 
is before us. We should individually, and as an association, use 
every means in our power to impress on our railways the impor- 
tance of this expenditure, one of the largest we are responsible 
for. The reduction in the present rate of consumption that it is 
our duty to make will not only lead to an immense saving in 
expense, but will assist materially in the conservation of the 
natural resources of the country. 

At our last convention several of our members were asked by 
members of the American Railway Association to introduce an 
alteration in our constitution whereby subjects involving legal, 
transportation, permanent way or traffic questions or for any 








other reason requiring such action may be submitted as recom- 
mendations to the American Railway Association. In response 
to this suggestion, a committee was appointed who have recom- 
mended the change which they consider advisable, which will be 
submitted to you at this convention. The executive committee 
has carefully considered the amendment and indorse it as a 
progressive step in the orderly grouping of the important associa- 
tions which are all working toward the development and ad- 
vancement of American railway work, associations of which our 
own is one of the largest and oldest. An innovation, however, 
this amendment certainly is, and it has led me to speak to you 
of the work this association has done for the railways, its history, 
its achievements and its problems. 








PEAT AS A Fue, In Tus Country.—The statement is made 
by Federal experts that millions of dollars’ worth of fuel lies 
undeveloped in the swamps and bogs of the country. Its value, 
on a basis of $3 a ton, roughly guessed at by experts of the Geo- 
logical Survey, who have been studying the peat deposits for 
some time, is more than thirty-eight billion dollars—more money 
than is represented in all the property, stock, implements and 
buildings owned by the farmers of the United States. With the 
coal supply being used at a tremendous rate, peat is expected to 
become a most important auxiliary fuel and one that will pro- 
long the life of the coal itself. An important fact which leads 
the experts to believe that peat will soon come into quite gen- 
eral use in certain parts of the country is that it is as a rule 
found in quantities in regions far removed from the coal fields, 
so far that the cost of transporting the coal amounts to several 
times the cost of the fuel itself at the mines. The states con- 
taining the greatest amount of peat are the eastern Dakotas, 
Minnesota, Wisconsin, Michigan, northern Iowa, Illinois, In- 
diana, Ohio, New York, the New England States, New Jersey, 


portions of Virginia, North and South Carolina, Georgia and 
Florida. 





CONSERVATION OF NATURAL Resources.—The recovery of heat 
units in our domestic fireplaces and furnaces is far less than 
the recovery of heat from coal burned under our best boilers, 
when measured as power generated in our steam engines. And 
the waste in our kitchens and at our tables involves a greater 
national loss than the waste in our coal mines. In the one case 
the pecple at large are making no effort to minimize it, while 
every technical man of repute is putting his best endeavors into 
devising means of getting the highest efficiency out of nature’s 
forces, with a view to turn nature’s resources indirectly to the 
greatest good for the greatest number—James Douglass at the 
New Haven meeting of the Am. Inst. of Mining Engineers. 





Care oF Bettinc.—The care of belting should be entirely taken 
out of the hands of the men who are running the various belt- 
driven machines, and belts should be systematically retightened 
at regular intervals, with belt-clamps fitted with spring-balances, 
each belt having the tightening strain carefully figured in ad- 
vance. Belting should also be cleaned at regular intervals, and 
should be softened with a small amount of belt-dressing which 
is needed to keep it in perfect condition. A laborer can be quickly 
trained to tighten and care for all the belts in the shop during 
the noon hours and on Saturday afternoons, and at other times 


when the shop is not running—Fred W. Taylor before the A. S. 
M. E. 





A GeneraL Freicnt Car Poor.—The Harriman freight car 
pool is not unlike those of the Pennsylvania and of the New 
York Central. When the principle is extended to the pooling of 
car pools, the car efficiency and traffic of American railways will 
be appreciably increased. The same methods that brought about 
a reduction of 54,000,000 miles movement of empty cars on the 
Harriman Lines in two years after their inauguration would 
make a proportionate reduction of 477,000,000 miles annually on 
the railroads of the United States—J. Kruttschnitt before the 
New York Railroad Ciub. 
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PACIFIC TYPE LOCOMOTIVE WITH PILLOID VALVE GEAR—CHICAGO AND ALTON RAILROAD. 


PACIFIC AND CONSOLIDATION TYPE LOCOMOTIVES. 





CHICAGO AND ALTON RaILway. 





On page 399 of the October, 1908, issue of this journal ap- 
peared a very fully illustrated description of a design of Pacific 
type locomotive, five of which were built by the Baldwin Loco- 
motive Works for the Chicago & Alton Railway. This design 
attracted much interested attention among motive power of- 
ficials because it incorporated an old style narrow firebox on a 
very large modern high speed locomotive. The length and width 
of the firebox was 120% x 40% in., giving a grate area of but 
33 sq. ft. The locomotive had 23 x 28 in. cylinders, 200 lbs. 
steam pressure and a heating surface of 3,927 sq. ft. The ratio 
of heating surface to grate area was I19; a very large propor- 
tion gauged by modern practice. 

It would seem that there is some doubt of the ability of these 
locomotives to handle some of the heaviest traffic on that rail- 












































road, which operates very high speed passenger trains, since the 
same company has just received five Pacific type locomotives 
from the American Locomotive Company which have wide fire- 
boxes and a grate area of 49.5 sq. ft. The boiler in other re- 
spects is practically identical with that used on the previous 
order and the locomotives, as a whole, are very similar in size 
and power. They have 23 x 28 in. cylinders, 200 lbs. of steam 
and 8o in. instead of 73 in. drivers. By the use of the wide fire- 
box it was possible to install 14 more tubes; the tube heating 
surface being thus increased to 4,071 sq. ft. The ratio of heat- 
ing surface to grate area, however, has been reduced to 82.3, 
which, while still higher than the average for this type of loco- 
motive, is not to be considered excessive, especially as this com- 
pany is in a position to obtain a first-class grade of fuel. 

The construction of the later firebox is shown in one of the 
illustrations and it will be seen that while it is a typical wide 
firebox design it has outwardly inclining water legs, the firebox 
side sheet being 2 in. further out at the turn to the crown than 
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ELEVATIONS AND SECTIONS OF PACIFIC TYPE LOCOMOTIVE—CHICAGO 
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at the mud ring, the space in the water leg at the same time being 
increased from 5 in. at the mud ring to 6 1/16 in. at the crown 


sheet. This will, to some extent, give the impinging action of 
the circulation in the water leg which it is believed is largely re- 
sponsible for the good service of the ogee shape of side water 
legs. 

This is one of the heaviest and most powerful Pacific type lo- 
comotives ever built, as a reference to the comparative table of 
locomotives in this issue will show. - The total weight is 248,000 
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illustrated and described on page 32 of the January, 1909, issue 
of this journal. This valve gear has been tried out in practice 
on this road on this same type locomotive and its specification 
for this order indicates that the results have been satisfactory. 
The gear, in general, might be described as a combination of the 
Walschaert and Marshall valve gear, having incorporate in it 
features of both, but differing from either. It gives a constant 
lead and obtains its motion from a return crank the same as the 
Walschaert, but does not require a link or any sliding connec- 
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DETAILS OF FIREBOX, PACIFIC TYPE LOCOMOTIVE—CHICAGO AND ALTON RAILROAD. 
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Ibs., of which 149,500, or 60 per cent., is on driving wheels. The 
tractive effort is 31,475 lbs., giving a ratio of adhesion of 4.74. 
The B. D. factor of 618 falls well within the limits established 
by good practice. 
The frames are of wrought iron, consisting of a main frame 
in. in width and a 2% in. slab form trailer frame spliced to the 
main frame just back of the rear pedestal. The main frame in- 
cludes the single front rail which passes below the cylinders. 
One of the most interesting features of this design is a new 
arrangement of trailer truck, which has outside boxes and in- 
side frames. It is shown in detail in one of the illustrations. 
This arrangement eliminates the necessity of supplementary 
trailer frames and requires but a single slab section, the same as 
the trailer truck with inside boxes would have. In this way the 
complication and weight of the extra construction at this point 
is eliminated. The truck frame is of wrought iron and has a 
pivoted connection, at the forward end, to the cast steel cross 
tie between the frames underneath the front end of the firebox. 
The load on the truck is transferred to it by means of a semi- 
elliptic spring connected at one end to the equalizing beam from 
the rear driving spring and at the other end to a cast steel 
bracket extending out from the frame. The spring rests in a 
spring seat having a flat slide bearing on top of the box. This 
spring seat is carried by trunnions in a yoke-shaped steel casting 
of I-section, which extends inward on either side of the trailer 
wheel and is hinged in brack- 
ets secured to the frame. In 
this way the spring seat is able 
to easily adjust itself to the 
alignment of the box as the 
latter rises and falls relative 
to the frame. A spring center- 
ing device, the same as has pre- 
viously been used by this com- 
pany, is provided to bring the 
truck back to the normal center 


fe) 





tions, all the motion being obtained by a system of levers having 
pin connections. 
CONSOLIDATION LOCOMOTIVES. 

Accompanying the order for the Pacific type locomo- 
tives was an order of ten consolidation engines which were de- 
livered at the same time. That the application of the wide fire- 
box to the Pacific type design does not indicate that this com- 
pany has found the narrow type of firebox to be unsatisfactory 
is evidenced by the fact that the fireboxes on these locomotives, 
which have 22 x 30 in. cylinders, 200 lbs. steam pressure and 




































































position after passing a curve. — 
The valve gear is of the Baker ——- 
Pilliod design, which was fully 
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CONSOLIDATION TYPE LOCOMOTIVE WITH NARROW FIREBOX—-CHICAGO AND ALTON RAILROAD. 


weigh 228,000 lIbs., giving a tractive effort of 39,800 lIbs., are 
120% in. long by 40% in. wide, giving a grate area of 33.6 sq. 
ft., this being practically the same size grate as was used on the 
earlier order of Pacific type. The boiler itself is of the straight 
type, measuring 783% in. inside diameter of the front sheet and 
83% in. outside diameter at the dome course. The tubes are but 
16 ft. in length, there being 381 2-in. tubes in the boiler, which 
gives a heating surface of 3,175 sq. ft. This with 197 sq. ft. in 
the firebox gives a total heating surface of 3,372 sq. ft. The 
ratio of heating surface to the grate area is 102, which is far 
larger than any other consolidation locomotive on our records. 
The B. D. factor, however, not being affected by the grate area, 
is normal. 

The illustrations show the construction of this boiler and fire- 
box very clearly and it will be seen that while the firebox side 
sheets have an ogee curve the radii used are large and there are 
no abrupt bends in the water legs. The mud ring is but 4 in. 
on the sides and the space is increased to 5 7/16 in. at the crown 
sheet. The crown and side sheets, both inside and outside, are 














Firebox heating surface + total heating surface, %...5.89 
Weight on drivers + total heating surface..........61.00 
Total weight ~ total heating surface............+.-67.50 
Volume both cylinders, ct. ft... cccccccccscoccecccclde DO 
Total heating surface ~ vol. cylinders.............256.00 
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in one piece. 36! a | ib 
° ° e e ° | \ ain 
The frames in this case are also of wrought iron with an in- | 2 4) \ se 
. . . . 7 “ 3% i bh 
tegral single front rail. The Baker Pilliod valve gear, being al- 2» a ’ oom 
. . ° ~ 3 e 
together outside of the frames, gives an opportunity for excel- \ ep % 
. . ° a= 
lent frame bracing, which has been taken full advantage of. | 14 
The general dimensions, weights and ratios of both types of {| \ 
locomotives are given in the following table: \. 7 Po a 25° 
Q~e\ ? 
GENERAL DATA. 
DOE GigunssesSbkenseen dbsee sds needs bdS55an0u -—— 4—6—2 f 5 
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ere SREMSE POSS SENS OAD a DONE SASS --.Bit. Coal Bit. Coal 
EMITS DEO vocncncescecnccccncsooessve ...39,800 Ibs. 31,475 Ibs. 
Weight in working order............ce0.0- - »228,060 Ths, 248,000 Ibs. 
EE Rac kdnnekdedusensesoeen 203,500 Ibs. 149,500 Ibs. 
Weight on leading truck............ eeescccees 24,500 Ibs. ee 
Weight of engine and tender in working order.$93,100 Ibs. 418,120 Ibs 
eS rrr rr 17 ft. 9% in. 13 ft. 9 in. Kooks 
Wheel base, total .........-.seeeeeceeesees 26 ft. 934 in. 34 ft. 8% in. Uy 
Wheel base, engine and tender......... 64 ft. 111/16 in. 66 ft. 4 in. | | 5 %' |Pem! 9," 
RATIOS. .) ees ~ 4034—- He aha 19 
Weight on drivers -- tractive effort.........seeeeees 5.10 4.74 ——___- I caccttacalnniatal 
—_ woes + tractive _ bueeseanents se TSeagy © 5.73 okae 
ractive effort X diam. drivers — heating surface. .730.00 y : = : 2. 
Total heating surface ~ grate area..........eeceee 103.00 83.30 SECTION THROUGH FIREBOX—C. & A. 2-8-0 LOCOMOTIVE. 
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LONGITUDINAL SECTION OF BOILER, 


CONSOLIDATION TYPE LOCOMOTIVE—CHICAGO AND ALTON RAILROAD, 
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VALVES. 
Kind ....cecccceee coceecs eoccccee Cdieceeccedens Piston Piston 
COONS CHIE 6 66s kc ice cweieecd Kéécduceucseéees -.5 in. &§ in. 
Outside lap ......cccccccccccccsccescce seccces cool in, 1 in. 
Inside clearance ......... eecees eececcccccs eoeeeesO in, 0 in. 
Se: GONE 6k.c Ac ces csacsevetceneeeqess eoceeSe Sk . & ia. 
GOP sececs Cal edC RRs Kha Cdn Cedesenneneewes éécedecencce UE —ee 
WHEELS. , ‘ 
Driving, diameter over tires............ concccces 68 in. 80 in. 
Driving, thickness of tires.........ccecsccccececs 3% in. 3% in. 
Driving journals, main, diam. and length...10% x 19 in. 10% x 19 in. 
Driving journals, others, diameter and length.9%4 x 12 in. 9 x 12 in. 
Engine truck wheels, diameter......... evudgueceas in. 33 in. 
MERINO UIUC, JOUTHBIS 0 c6cc cdc ciccccecoes 6% x 12% in. 6% x 13% in. 
Trailing truck wheels, diameter...........se00+ —_——-- 42 in. 
FIRMS ATG, [OUTNEID 6 o.c inc cccdccesdecesses 8 x 14 in. 
BOILER. 
| peer re rr rer err ee eoxcuvewenaas veeenes gE. W.. B 
WOPRIG PEOMSUTE 605 cciciccccccccscccoccessecs +200 Ibs. 200 Ibs. 
Outside diameter of first ring...........+00+ e+++-80 in. 72 in. 
Firebox, length and width.............. 120% x 40% in. 108 x 66 in. 
Firebox plates, thickness ..........e.esssee0e & in. % & % in. 
Firebox, water space..........+.. F.—4%, S. & B.—4 in. 5 in. 
Tubes, number and outside diameter........... 381—2 in. 3738—2 in 
es SOMME 6 occ cccwadncséedccececcvecaveunsaes 20 ft. 
Heating surface, tubes vs 2 3,869 sq. ft. 
PROOCIE GUTIROE, TPGUOR sc ood diccccicccccccceee 197 sq. ft. 202 sq. ft. 
WRONG GPTECE, GOUEE cei cccccdciccseccanec 3,872 sq. ft. 4,071 sq. ft. 
NE SE icue Gncbedseedadadacececaceceeere 33.6 sq. ft. 49.5 sq. ft. 
UC: GURUS 66666665 0d ceccecndeudeaua 18% in. 18% in. 
Smokestack, height above rail ...........20-:5 15 ft. % in. 18 ft. % in. 
TENDER 
PONE: cnctecciwivawecess dseceeestederues 13 in. Chan. 13 in. Chan. 
We. GENE once ccccqeccceceseuceasr cane --86 in. 6 in. 
Journals, diameter and length.............6. 5% x 10 in. $%4 x 10 in. 
Wee GS ons Cisse cecadauns ecadeuneeuees 8,500 gals. 8,500 gals. 
Ce GID i. 0 6h cdi vceadadencisecdaeoantas .14 tons. 14 tons 











JACOBS-SHUPERT FIREBOX. 





To the Editor:— 

I notice in reading your June issue, a letter headed “Experience 
with the Jacobs-Shupert Locomotive Fire Box,” and it would 
appear that the writer of it seems to be rushing things, for this 
experience to be printed in your June issue, for I was informed 
that this fire box was not finished and tried until the 26th or 
27th of April, and this experience is ready for your June issue. 
It would be well to print this six months hence, as during that 
time they may have unsurmountable difficulties to contend with 
in a locomotive fire box constructed in that way. My name is 
referred to in reference to a letter I wrote giving my ideas of 
the construction of this fire box, and in it I actually made a 
challenge to the world on locomotive fire boxes and tube 
plates, and up to this time no one has taken it up. However, 
I cannot help remarking that your correspondent’s letter is 
written in language and thought so much like the letters of 
Jacobs, Wagstaff, etc., that you would almost imagine that the 
letters over the different signatures referred to had come from 
the same pen. Referring to my experience, which is quoted 
by this corrspondent, it was with the Daniel Adamson’s patent 
furnace joint, which came out, as near as I can remember, 
about 1869 or 1870, in England, and the Jacobs-Shupert fire box 
is nothing more than the old Adamson patent joint, with the 
center plate continued outward, for staying, which we used 
to call “plate staying.” My experience with this joint was in 
marine and Lancashire double furnace boilers. These furnaces 
are round and do not require staying. The idea of this joint 
was to strengthen the furnaces by making them in sections so 
that they would not require reinforcing with tee iron rings, etc. 

It is needless to repeat that my experience, and the experience 
of other well-known engineers, was not satisfactory, and hence 
my letter only referred to what I knew from actual facts. 

I note your correspondent states how many stays are dis- 
pensed with in forming this locomotive fire box with this old 
joint, but he does not tell us that in place of the staybolts he has 
put twelve riveted seams, extending up sides and over crown of 
fire box, and has used about 5,000 or 6,000 rivets in place of 
the stays. He tells us he has gained 21 inches in the length of 
the same sized fire box, but he does not tell us there is about 
19 square feet of direct heating surface taken up by the twelve 
joints which is practically lost, but he does say that the con- 
traction and expansion of the fire box will be equalized by the 
formation of these sections. The sections are riveted together, 
and at the bottom they are welded together (two things which 
do not harmonize) in order to allow the sections to be riveted 
in the mud ring. 

My views differ from your correspondent’s, that the forma- 
tion of the sections will equalize the contraction and expansion 
of the box. I predict the expansion of the sections will all go 
toward the fire box tube plate, and that the front tube plate 
and the tubes will expand in the opposite direction toward 
the fire box tube plate, two opposing forces, meeting on the 
same tube plate, just the same as there is now in the standard 
fire box, and no provision made to take care of it. The sec- 


tions, with the twelve riveted seams, the rivets of which you 
will find will incrustate, and the joint surrounded by scale, will 
burn and the sections will crack, and the sections cannot do 









otherwise than form mud pockets. Experience repeats itself. 

Your correspondent states that I stated, that in designing a 
fire box I eliminated most of the parts that they have incor- 
porated. And why did I do it? Because I deemed it requisite 
for success, and I can assure you it was a hard problem to feel 
sure that I had balanced the contraction and expansion in a 
locomotive fire box from front tube plate to back of fire box, 
and I studied hard for two years before I was satisfied to 
allow my name to be associated with it. When I was sure, 
I let her go, and by actual practice it is proving my experience, 
and is telling its own tale by the success with which the boilers 
are doing their work, as can be seen by referring to the locomo- 
tive expert’s report, copy of which is given to this paper. 

In conclusion, I wish to be put on record that the Jacobs- 
Shupert fire box will be a costly experiment for the Atchison, 
Topeka & Santa Fe Railroad Co., and one that will call for 
criticism from all parts of the engineering world, and I feel 
sure time will soon eradicate the sagacity of the remarks made 
on this subject by the writers referred to above. 

Wm. H. Woon. 

Media, Pa. 


[The locomotive expert’s report referred to above by Mr. 
Wood is substantially as follows :—Epb.] 

I have been engaged by the Wm. H. Wood Locomotive Fire 
Box and Tube Plate Co. to examine locomotives Nos. 2490, 2494 
and 2481 respectively, equipped with the Wm. H. Wood patented 
fire box and tube plates, as well as engines Nos. 2487, 2492 and 
2499, which have the ordinary fire box and are operating the 
same trains with the former three. 

I have found the locomotives with the Wood fire box as com- 
pared with those of the standard fire box to be better steamers, 
to be coal savers, as is shown below and to be most satisfactory 
to the engineers and firemen operating them, who all speak in 
the highest praise of the working of these boilers. I have found 
the beading on the flues to be just as good after six months’ 
service as they were when the engines were turned out, and al- 
though the flues have been rolled I have the evidence of the 
engineers that they have not reported a flue leaking in eight 
weeks’ service and that the flues did not require rolling. There 
has not been a broken staybolt in these boilers since they were 
put into service. One staybolt in the throat sheet was removed 
because of the tell-tale hole being drilled at an angle. I have 
not found any leaks at the mud ring, and, in spite of the fact 
that the water being used is very poor, the boilers have not 
leaked in any respect as far as I have been able to discover. 

I have carefully determined the amount of coal used on these 
engines, especially two equipped with the Wood fire box and 
two with the regular fire box, having boarded the engine upon 
its arrival and measured the volume of the coal left in the 
tender and determined how much had been used on these four 
—— This has been done daily and the results are as fol- 
ows: 

No. 2481 (Wood’s fire box), the average amount of coal con- 
sumed on each of fifteen trips, from April 23 to June 1, has 
been 5.67 tons. 

No. 2492 (ordinary fire box), fifteen trips with the same trains 
and in exactly the same service, 9.01 tons. 

No. 2490 (Wood's fire box), fifteen trips, 7.2 tons. 

No. 2487 (ordinary fire box), fourteen trips, 8.62 tons. 

Taking No. 2492 as a basis, engine No. 2481 shows a coal econ- 
omy of 37 per cent. and engine No. 2490 an economy of 20 per 
cent. 

Engine No. 24904 (Wood's fire box) is running opposite No. 
2499 (ordinary fire box) and shows an average consumption of 
9.35 tons per trip in two trips as compared with an average of 
13.3 tons per trip in three trips of the No. 2499, an economy of 
about 30 per cent. 

(Signed) 


——_—__ 


Frep. H. SNeEtt, 
Locomotive Expert. 


To the Editor:— 

So much has been said by correspondents in the columns of 
your paper concerning the circulation of water in the Jacobs- 
Shupert fire box that I feel impelled to present to these cor- 
respondents, and others, several photographs which tell a graphic 
story, and which still further illustrate the beneficial effect of the 
— construction upon circulation and upon the life of 

oilers. 

The accompanying illustrations of an old fire box show very 
clearly how solids contained in feed water are collected by 
obstructions which impede circulation. The crown sheet is the 
hottest portion of the fire box, and ebulition above the crown 
sheet is vigorous and active, and any obstructions to the move- 
ment of the heated water and steam bubbles, as they rise from 
the crown sheet, produce eddies in the currents of rising steam 
and water, providing harbors where solid substances may collect 
undisturbed. Each particle that collects forms a nucleus to 
which other particles adhere. 

This formation not only materially diminishes the evapora- 











272 





AMERICAN ENGINEER AND RAILROAD JOURNAL. ones 








tive value of the crown sheet and lowers the capacity of the 
boiler, but introduces an element of danger. Such accumula- 
tions are conducive to explosions, and an accumulation of mud 
and scale immediately upon the crown sheet is likely to cause 
mud burns, even though the water in the boiler is at the 
proper level. 

The photographs therefore emphasize the necessity of unim- 
peded circulation above the crown sheet, and illustrate what 
takes place in locomotive boilers wherein the circulation above 
the crown sheet is impeded. 

A side view of the Jacobs-Shupert fire box, in connection 
with the photographs just referred to, forms a striking com- 
parison between a form of boiler construction wherein circula- 
tion above the crown sheet is impeded and a construction 
wherein there is practically no obstruction to the free move- 
ment of water and steam. Not only are the stay sheets of the 
Jacobs-Shupert fire box few in number and spaced far apart, 
but they are of a form which will neither harbor solids nor 
interfere with the free movement of currents rising from the 
crown sheet. 

A still further advantage which this comparison emphasizes 


the old fire box is 6.08 square feet. The area above the crown 
sheet occupied by the radial stay sheets of the Jacobs-Shupert 
fire box is only 2.26 square feet in a fire box 129% inches long. 
The size of this crown sheet is materially larger than that of 
the old fire box, so that for a crown sheet of the same size 
the proportional gain in heating surface is even greater than 
that indicated by the above figures. 

It is true that in boilers with radially stayed crown sheets, 
the stays do not offer the same amount of obstruction as the 
crown bars. Nevertheless, several rows of radial stays are 
usually replaced by three or four rows of sling stays at the 
forward end of the crown sheet. T-irons of these sling stays 
impede circulation as much as the ordinary crown bar and 
produce the same effect upon the accumulation of mud and 
scale. This formation is at the point of the crown sheet where 
the greatest difficulty from cracking occurs and is, therefore, 
the point where there should be the least accumulation of mud. 

While the straight radial stay does not cause the same accumu- 
lation as the crown bar or the T-iron, the large number of stays 
offers much more impediment than the few thin stays of the 
Jacobs-Shupert construction and consumes more space which 





FIREBOX OF CROWN BAR BOILER SHOWING ACCUMULATION OF SCALE AND SEDIMENT. 








SIDE VIEW OF JACOBS-SHUPERT FIREBOX. 


is the increased heating surface provided by the Jacobs-Shupert 
design. The total area covered by the crown-bar washers of 





would otherwise be available as heating surface. Another objec- 
tion to the radial stay is the crown head on the fire side of the 
crown sheet, which is always a prolific source of trouble. 


H. W. Jacogs. 
Topeka, Kan. 


Tue VALUE OF THE RarLroap CLus.—The officials of one road 
rub elbows with the officials of another, they compare notes, they 
learn how one man does the same thing they are doing in a dif- 
ferent way, and does it with less actual labor or less wear and 
tear on his gray matter or reasoning powers, and the resuit 
to the employee is a capacity for greater responsibility, and to 
the company a more competent officer—A. W. Martin, New Eng- 
land Railroad Club. 





Explosion FroM Bett Friction.—An overlooked factory dan- 
ger has been pointed out in Germany by Prof. M. M. Richter, 
who has found that machinery belts—especially in dry air and 
when rubbed with resinous substances—may become highly 
charged with electricity, and may give off sparks that, in an at- 
mosphere laden with dust or combustible vapors, may produce 
a serious explosion. A five-inch belt running over a wheel mak- 
ing 600 to 2,000 revolutions a minute gave off a spark one to 
one and a half inches long. Coating the belts with bronze or 
aluminum powder proved an ineffective preventive, but acid-free 
glycerin, applied once a week, attracted moisture, and not only 
gave security against static charges, but increased the life of the 
leather.—A merican Machinist. 
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PENNSYLVANIA ALL-STEEL COMBINATION PASSEN- In the main structure of each combination coach there have 
GER AND BAGGAGE CAR. been used 17,500 Ibs. of %-in. plates, 4,500 Ibs. of angles, and 
——-. 7,100 Ibs. of shapes and small plates. In addition, considerable 
In the June and July issues, 1907, the all-steel passenger cars steel material for interior finishing has been utilized. The floor- 
for the Pennsylvaria Railroad, including a through service pas- ing consists of monolith laid on corrugated sheets. A 24-in. 
senger coach, a postal car, baggage car and suburban car, were maple floor is placed upon the monolith at the baggage end. 
described in detail. A number of combination passenger and Six-wheel trucks are used having 5 x 9-in. axles and 36-in. 
baggage cars designed along the same lines have recently been Carnegie-Schoen rolled steel wheels. 
manufactured for this company by the Pressed Steel Car Com- 
pany. The general dimensions of these cars are as follows: 7 





I RN ae oe i os erikndnaseddeanenanee 77 ft. 834 in. Seat ARMs AND WINpow SILLS oN STEEL PAssENGER Cars — 
Length over body corner posts.............+.. oo oT ft. 12/16 in. The use of steel for window sills and arm rests on seat ends is 
SOMBER INSIGE, POIGENBET CNG. «2.6 ccccccccecsoess 39 ft. 911/16 in. : : : é 
Tength inside, baggage end............00.eeeeeeeeeee- 3d ft. 6 in. not only objectionable because these parts soon lose their paint 
ee CNR Ele IS <6 6.6 cbse ca cccwknccancune cases 9 ft. 934 1n. M ; : ‘ 
Height from rail to top of car... .csccceccccccceccees 14 ft. % in. due to constant elbowing, but it has been found that steel is too 


These cars have been constructed almost exclusively of steel, cold in winter time to make comfortable supports for the arms 
including the doors. The floors and headlinings are of fireproof and hands of the passengers; cars which were originally equipped 
material, and the very small percentage of inflammable material with these parts of steel are now being changed to wood.—Chas. 
used is not a part of the structure, but merely of the trimming. Lindstrom, Central Railway Club. 








RAILROAD CLUB STATISTICS 





* . NEW NEW NORTH- PITTS- RIcH- 
CANADIAN | CENTRAL IOWA 

















ENGLAND YorK ERN BURGH MOND | ST: LOUIS | WESTERN 
ANNUAL MEETING, NUMBER............ 7th 19th 26th 35th 3rd 7th 7th 13th 25th 
ANNUAL MEETING, DATE OF........... May, ‘09 Jan , ‘09 ' Mar., '09 Nov., '08 Nov., ‘08 Oct., ‘08 Nov., ‘08 | April, 09 | May, ’09 
oaicdenee Sead ee = ih 
- Number Received During Year... 122 185 70 174 244 107 53 142 183 
- Total Membership, Active.......... 722 569 273 515 1,416 529 742 236 1,202 1,574 
a } 
= Net Gain for the Year............. 14 142 23 "ln fevers 19 54 74 
{ 
aad ‘ . ‘ a 
Balance on Hand, previous report.) $1,501.22 $105.89 $55.12 $1,319.93 , $13,307.14 $111.41 $898.81 $1,315.07 $3,968.41 $1,917.58 
z TT OTe 1,238.00 1,167.00 766.75 1,232.00 3,451.00 753.00 2,202.00 | 442.00 SA No iccncccecneceres 
- TR a sasha ciaitaciasinsian 3,158.20 1,756.00 277.00 2,625.00 4,678.88 1,405.00 882.75 | 1,140.00 LA baie 
Q | 
% MISCCTIAMAOIIS...........500.0..cccccsesascere 224.37 322.65 1,288.75 1,257.21 701.44 135.00 85.33 77.14 163.65 4,791.18 
A 6s aca bark sedenncsitanauabiscwennis 6,121.79 3,351.54 2,387.62 6,434.14 22,138.36 2,404.41 4,068.89 2,974.21 8,177.83 6,708.76 
7 Printing and Stationery, Postage. $1,659.29 $1,143.32 $1,547.65 $3,335.44 $867.48 $1,786.15 $457.91 $1,919.82 $2,581.28 
Z 
= WUUSACURIMANOIG 555. ieiscsctssvescexesie: 709.70 1,005.05 ia a 2,147.32 1,553.85 290.70 607.14 117.00 GORGE lo csccsicansecdcs 
e 
R Salaries and Stenographert........... 812.49 650.00 ; seha 1,148.50 1,619.77 494.45 135.00 702.00 542.95 556.93 
% 
o ECCI 5 isis cistisicckaniitictinccdl 652.90 254.63 paneer 47.97 803.72 163.00 170.25 45.00 586.98 2,533.39 
nH 
A MI ehXuhsndisanedeicendesdccatensceedate 3,834.38 3,053.00 $2,332.68 4,891.44 7,312.78 1,815.63 2,698.54 1,321.91 4,035.58 5,671.60 
MINS OE TINS oii vet ccscheciasiicnthnsicedtiaiias $2,287.41 $298.54 $54.94 $1,542.70 | $14,825.58 $588.78 $1,370.35 $1,652.30 $4,142.25 $1,037.16 
Canadian Railway Club maintains a scholarship at McGill University. 7owa.—During the year covered by the above report the club held a reunion in 





conjunction with the Des Moines Commercial Club. This accounts for the apparently heavy receipts under the head of “Miscellaneous.” New England.— 
This club has a dinner before each meeting. $1,125.25 under “Miscellaneous” receipts was received from the members for this purpose and for tickets 
to an “outing.’”’ Richmond.—About $400.00 should be added to expenditures for entertainment. St. Louis maintains a scholarship at one of the colleges. 
Western presents its members annually with bound volumes of the proceedings. 


MEETINGS 
Canadian—First Tuesday in month except June, July, August. Pittsburgh—Fourth Friday except June, July and August. 
Central—Second Friday, Jan., Mar., May, Sept., and Nov. Richmond—Second Monday except June, July and August. 
Iowa—Second Friday in month except July and August. St. Louis—Second Friday except June, July and August. 
New England—Second Tuesday exeept June, July, Aug. and Sept. Southern & Southwesiern—Third Thursday, Nov., Jan., April and Aug. 
New York—Third Friday except June, July and August. Western—Third Tuesday except June, July and August. 


Northern—Fourth Saturday in each month. Western Canada—Second Monday except June, July and August. 






















































































































































Sot ‘a ” 9SZ2 a: Z0¢ Y; Cn Sine seeeeeeeeeeeomecrar aT 

© 9061 606T L061 ION NVYOIMAKY AHL Ul sdUsIIjIy 

gE 8L£°2 BRE ite ata SUIN[OA JapUl[AD -+- VIIB 9}UIS) 

eee 9°02 8 9¢ “""1OA "[AD + ‘JANs *Jvoy ZSurvsysedns 

"E12 00°TST "ISI “** QUINOA *[£D + dBjANS Zulvoy [BIOL 

Z II 02° ST orm . rerteen 3993 DIQnd ‘auinjoa JapullAD 

se"9 82°8 *¢ ryins "jeoy Zuljesysodns + “Sg "H [BIOL 

BL “LL "¥9 “ys "$9 “@L “99 19 “pL 0S'2Z 99 8S os" £9 ot g 3A 04° TZ 8°09 ‘£9 f “aDBJANS Buyvoy 1870} + 1030} JUBIOA 

$69 "89 S'6S 8b ob'9S seo Z°8S “SS "99 os'29 "8S “zs 00° 19 oes S's 00°€9 ges ‘9S [JAN'S “}VdY{ [0}0} + SIZALIP TO 7Y4STOM 

69 s'9 89 6's 2's 6S ses 2's seo se" 6S z8'b zg°s 2 . 08°s 218 08" "06 °S “H 1230} + "pins "yBaq XOqoIIT 

"Ss "2S "£6 "69 08°6S "8S "19 "69 "os "29 "¥9 89 _ 00°Z0T 8's9 00°S9 S‘Or oss9 of BOI’ 3}VIS + DvpINs Zuyvay [e}OL, 

“008 "S9€ 008 “os9 "$9L “oes 06L "SzZ "$18 SSB "094 “094 00°0€L PO a | 00°Sz8 "002 ‘$78 S ‘H 18}0}-+ SJ9aLIp "UIP x “AL 

T'S + SSP 8"b 19°b 8b 9Lb S'b I's SL 7 8'b 22's nf Q" | €0°S Lov oS feo WOYa atjoVI} + 1830} ‘FYUSIOM 

bY sv ab cv fl'b a av cb Sv at’? vb'v ty ors v sv Ter £e"b s>)hC<SCaS” JAOYS 9A1}IVI} + SIOALIP HO FYZIOM 

-— 000'S 000'2 000'8 000'8 00s'z 000°Z oos'Z 000'Z ‘ 000'Z 00s’8 _ | 000'8 000'Z 00$'8 00s'Z o0s'Z | 00's 008" Z CONG Fe tettesoeesece 3 *A}1IDeded 19}BM ‘Japuay 
< or rat rat v1 Kz Hel ZI ¢I SI Smee pees Hel +1 et vat +1 RE ei. SUO} ‘AjIDUdUD [BOD ‘JapUay, 
z PALATE LoS ALL SEL 9 AE | eB ALY. cD AM st AUST | WIL At | 19 AT | AV STI . aoe © 49 AT... oa oat Oe 1 Bie eee I ae ‘saqny, 
_ A Dia ee 1 ae OR CLS 2 Ae A I 2s Re kA fh Se A A I A AS Zs Ss fa or Ae a ORE eon anticiee Jayeaysadns ‘sajamterp ‘saqny 

O Py 4 we we ue we we “ue we Wy, t4 we whe we Pea e ue eee ue weeeee bavcete “we eeeccce ae we — we weg ue Wes aires | ‘IsJeMUvIp ‘soqnL 
SE. Ie, ener, Rien, ane 7S A A OE SOE, = Oe ae ae, Cee ee ae | ae) ee os pescnnecee BesscteRteeveesecs | MB cssecGlfenensesus ponveedMsonsonees Pe: -Jajvaysadns Jaquing ‘saqny 

= bz Ore 06¢ OSb £0P ele 98¢ £lb 282 sce 09¢ ob Ise 19 Ad 8S¢ £6 ZLb  ioeeeeeeeeee seteseenses aqnyeiyg Jaquinu ‘saqny, 
Q woe ~~ =e ~ ‘yWq | 1e0o ‘JIG a eee oe a 0, _F Wa nr wa Ted a pic Pa eer TOD “a leo> “Uy te Olt: ae pecenecdeaseses “Pury ‘roma 
“ “ y) u whl 99 ‘ “ “ “ “9 sASL uO “ “gn “ vtl eee eee oe eee eee “Ty pias *xoqoiny 
< PK Lot wet | S80 | sor | 7,201 /A01 sor | ~AKLOL |, KS6 «| VA80T | 901 1 KOI ot AA8Ol /0l Ra “el ‘ “Busy ‘KOGasA | 
© ep os OEE ees +s Il 6b 1S S'6b ¥2'9S ole v'0S rss 9°ee s9S | $*0s S866 2°09 ““"3r"DsS ‘Bare a]BID 
a Sie peerstosts Pace Darian Sh) MCRD AMR ghl IRS: tinerehe baséans Pabnncdéuescats F subi Gabateseeune 09 Pistereseeceese preceeceeeeeeees | wert [oO : meeares ges ae eoapaensss ble $e8 —— ‘bs ‘1a} Bay sedns ‘goujins Sanwog 
a] so | Seo | pes fee | are | ree | gre | gee | rege | are] gee) aes |e |e ee Pe gee te Seana BOR 
; : 12z Z ! , : ; Z 261 8 Z61 , one 861 * “J ‘bs ‘xoqaay ‘aovjins 3uneaH 
7 912'2 Lev'2 £26'2 | 9S'IISE Iso'e | 6°S292 6£6'2 922'¢ Tors j e22'2 eso'e 009'¢ | SuI'e Sele BT'26ve —_— eC 1) ‘bs ‘saqn} ‘aoujsns Zuyvey | 

eerste 

WAU DY | Sy Meth hc Sul MU ABI WAStt vit All P| ee doin tit | welt WB ell QZT —«freeeeeeeeteceeeeceeeeseees 19}099 W4S19y4 ‘s3]10g | 

2) 3 Wl 18 LHOL Mail wil 8k 08 US whl wll 708 108° 8 ‘ Kas, , AMES “98 meses J9JSUIVIP JS2] [VMS ‘310g 

Zl  ftoe | tat | oe | oe | oe | set | oe | aoe | ame | ok | “Soe | Ge | awe | Such [Sta | Mom |S [SONI on aoe 

ot 2 oo 012 OE reeeseevseeaneensscenvepen ser ‘asnemnal an 
<< ‘ydais SIEM ‘ydajs ‘ydajs ‘STEM “SIR “STEM “‘ydaj}s ydajis ‘STURM *ydays ydais PIojltd *yds1s “STEM | STRBM “STRA. uae basadeuabascvanessevannns » Sal ad4} ‘3893 roe 
{ 

Oo e > | | —_ j 
es 82 X p12] 08 X ,£E 1,8 X 1/221,,82 X »~2VME X 7,22) 82 X 122} AF X 22 | ME X 7L2 YE K 122] ,2E X pWeEVMO X 07/7 X 82 | OE X 7,22 | ME X KO | ,2E X £2 } WE X SS jie he | 28 OS tos 40S puv 1a}awWBIP ‘sJapaITAD 
fl Zz Z 2Z Zz Z 4 Z 4 Z 4 Z 2 zZ 4 Zz | Zz Z 2 omer ecececeveccccccccee ececce soquinu ‘saapulyAd 
Pe We £9 as LS ys 9S Ls ws 09 Ls 8S x) } 4/9 8S “29 | 8S ep ppescaveasancaceavapenaceneens SIDALIP JO Jaz}aUIBI 
ar Whe &S iD 8S Kit AS | KY £9 | vl 9S WAL BS if 9S UKUL SS WKB 6S iS BS |KO ts LE Ag | AST/ITT 49 6 (lS UK A? wll (68 L$ ls ty t “‘sapuay pus poner m4 Heeq 123UM 
O un ive sO 9% we (ve 7 ve uA We | 1 WE wv We wv wk SE 9 7 wu Re ws 9 | uZ6 Ae Ze % uh A Se wll SZ 9 9 ‘ QUIZ ‘aseq [224A 
PA AT SI 70 LI 8 ‘sl w& ST 4 St | £ I A I 78 St 2B Al A Sl 26 ek 8 AL | «6 (Lt wt LI 9 shh 1& ST (DLT MOLLE prtreereetteserseesseeneeees BUtALIp ‘aseq [2UM. 
fx) 00¢' T2I 00¢' +I 002" OST | Ob’ 9b l 000'SrT OSO' SET 00S'e rT 002'SZT 00S OPT OOL'S9T 000'8bT 009'6¢T 000° ST Oor'zSI oos'tor J co es Japa} ‘VUZIOM 
Na SzS'2z 00! TZ OOv'Ee | 009TZ 000‘ 22 000'1Z 009'2Z 002'6Z 006'Z o0o'zz | 00S" 000° 22 00S Sz 000 62 000°6Z 006‘ ZZ SqI ‘S4ONI} UO WYBIOA, 
Z 00z'E9T 00E' ZZT ooz'6zt | ov0'zst | OZT'I8T 000'28I 000' 281 006's8I_ | OOZ'E8T | OO9'6RT | OOO'R6I | 008/202 000'£0z 000° 02 000°L02 00S'ZIZ OOL'Z¢2 see SQ] STRAP UO JUBIOAL 
< 002' 981 009' 861 ofe'10zZ | O09'z0z | 009'C02 | OLb'¥OZ | 000'20z 000'802 | OOS'80Z | OOP'ZIZ | OS'rIZ | OO'Ozz |  000'822 000'0FZ oos'zez =| «= 000,982 00S*9bz 001092 “SQI “1B}0} “JUBLOM 
O 008'9¢ 009° 6£ OOl' bY 00S 2b OOL' bP 0002+ O00’ Eh 662 fb OO Tt 000° rb 009 2b OOL'Sb 008'6¢ 00S'9b LL9°Sb 006°9F 069'6> Cite POM ee Sq] ‘}AOHa sanoviy, 
— | 
ad admis a[quts ajduig | sjduis aIGUIS a]dwis a]d mis adults a] dwg aTaus aTAWUIS a1duig slams admis admig aIduits aiduis aidung “ ~punodmos 40 ajdung 
{x} 9-061 9061 9061 eu6l 106 | So6t L061 S06I S06T 8061 9061 S06t 606T £061 9061 6061 9% 9061 pesicnnapaseseesesheeas sq aaa raeananes 71INq uaa 
S sdoys ‘pied “pied ‘zoury | Ujog ‘Pika | PIPE ‘pied ‘I3uy “pled preg ‘lIwy 1suly ‘Uy ‘IIWY ‘IMUy ‘louy a a ee Jopling 
. PW ass "OSES a |e | <o8 ‘| Z8I-5 £0$'Z ST a z9L'z 8th 9-9 7296'S 816 T10'l OPT Las Wars Sse] JO Jaquinu peoy 

q ‘a ® dL | _ dB ‘a's ‘SW ‘S‘W M® 
wWda’D ‘T°H'D a’M [Ox d 2/70 N‘D | ‘ad ‘ad 'd |'O'N'S ‘D/ Seu ‘zeH | ‘O Ba BL 'v) Wsequm | aa ‘d vV3°'5 B'S “I Bs "I Ld ‘*M |] ‘Hea Cree. eee peos jo aueN 
3dAL O-8°2 HO NOILVGITIOSNOS 3HL JO SSAILOWOSO LHDOIZU4 
~ SHAILONOOOT LNAOEdY dO SHIdNVXA ATEVLON AO NOSIYVdNOOD YVINEVL V 
nN 











JOURNAL. 


} 


A 
< | 
2) 
SG || 
= 
QO | 
Zz 
< 
pA 
fx) 
fx) | 
S 
O 
Z 
com 
Zz 
<x 
Lo 
ee | 
fx) 
= | 
<x 


Jury, 1909. 





AI 8 'd 








1809 "310 
ug 
het 


une Ped 
A ft 
A xt 


oof" TZT 


a1duis 
906T 

‘Iouly 
£Sz 











0-9-0 «| 


000°9 
L 


| 0 At 
ee 


TS¢ 


[vo ‘IIg 


uA ft 
O9T'TZT 
SLU IZT 
SLUTILI 
000°Tr 


adults 


0-8-0 








[B09 “31g 
AREL 


000°02z 
000022 
oor" Ss 


admis 


‘SH 3 THR 


0-01-0 


ONIHOLIMS 





008'St 
O92’ SbT 

090° T6T 

000‘ TE 


| |-dui0s Bis: a 
S06T 
“Plea 
682 


| 
| 


_— 


‘JaqUIVYd ToYsnqmos sepnqour + 





000'z¢ 
000° S9T 
000°Z6T 
OOF’ SE 


aids 

8-Z061 

‘JULY 
gle 


‘d BL 


| 0-9-¥ 
| AHH OI 











[vod ‘314 


admis 
L061 
40d 
IN 


HM - a 


NOILVGIIOSNOSD 3HL NVWHL YS3HLO S3dAL JO SAAILOWOSOT LHDIZYS 








| ole 


nel 
weor 
Ts 


002'Sz 
0S8'0Z 
OSb* L0Z 
000° SZ 
ose*os 


adults 
606T 


| UIMpleg 


Tév 


jTBOD “31 \1e09 a | 


| 











00'PL 


08°2I8 
08'S 
Tey 

000°8 
¢T 


7 ht 


[809 “IG 


WKS9 
“lol 





wal 9 
uit 8 
9 JI 


000° ¢ST 
000° ve 
00s" Sz 
000° 102 
00S 092 
0£9' 9p 


a[dadus 
606T 

sdoys 
Z0zS 


‘ds | 
BND | 
2-8-2 
OavuXIN 





180) ‘WE 
“L 


adutig 
L061 
‘pled 








| 
we 


T92 “dd 


ese ‘LES 4) 


Liv'd | 
8061 


1 Oe 


“LIZ 


sé 
Ue 

ose 

tO 


wil 
UAE 
19 


ZIs'b 
102 
Tlf" 


“STEM 


ee | 


lt B AE) nett B HOt WSO WB 4,07 |,,2E id AE |, LE % “7 


uss 
wv WI 
78 A&E 


A Al 


008°6ST 


¥ 


us 


str oy 


“tte (eh 


ail EF 
9 /t 


00g" z9oT 


000°z1¢ 
000'0¢e 
008°0Z 


‘duo) 
6061 
‘IULYy 


WS 
ut We 
18 ME 
A Al 


000°ShT 


‘OR ‘a 


0-9-9-0 


000° ZST 
000°6T 
000°61 
000°00¢ 
000'S¢¢e 
009°TZ 


‘duos 


‘WWI *xay 


Z-9-9°% | 


LAVIVIN 


SLHOIMM GNV SHSSVTD OL LOAdSAY HLIA GADNVYYV 


Te “a 


Tob 


‘TROD “NA 


7% 
wil 
8 


£0L'S 
0f2 
eLv's 


AA 


000° ST 
000°02 
000°6T 
Ov0'9TE 
000" Sse 
009° TL 


*duio) 


906T 

“pled 
ag | 

‘N ‘SD 


c-9-9-2 


44716 


vOv 


‘TROD ‘WE 


Avil 
PAIel 


{S°1L6"> 


aa 


08-80 


| 
[ 
I 


TOv 


110 
Wn 82 
19el 

9°89 


sso 


22 
Tr6'b 


OOT'OLT 
OS2*Z1 
00S" +I 
OST’ b6E 
006‘ SZ 
09" b6 


‘dutog 


606T 
“plea 
000'¢ 
‘d's 


28-82 


eaweee 


FIONH NVIIBAWY AHI, Ut s9Ud19;9y4 
Pane oe PUIMMOA JIPUITAD + ¥IIB IBID 
"joa *[AD + "Jans Zunvoy Zuyjesysodns 
“JOA JOPUILAD + SovpINS SUTVoYy [230.1 
399} DIQND ‘asuINjoa JapullAD 

“PANS "FeO Sajeoysodns +'S'H [ejOL 


““QOBJINS Bupesy 18}0} + 1830} IYSIOM 
"ANS *JVIT] 1830} +- SJ9ALIP WO FYSIOM 
"% *’S “H 1830} + “j1ns ‘je9q Koqoi1 
BOIS 23813 -- DOVjINS Zupvey [BIOL 


“""§ “H_ 1890} + SJ9ALIp “MBIp & “AL 
VOY? 9A1}9C1} -++- 1830} “FUBIOM 
“"FIOYI ANICI} + SIZALIP UO QSIOM 


STes ‘AyIovded J9}8M ‘IOptsy, 

* $0} 'A}JIVAS [BOD ‘Isp L 
e 

433i9] ‘soqny 

“aayeaysadne JZIMIVIP ‘Ssoqn.L 

* 9QNII1Y ‘JZ STMVIP ‘saqnL 

sia} vay JIdNs Joquindg ‘soqnL 

“"'Sqnjo1g Joquing ‘saqny 


“pury ‘fend 
UIpI™ ‘xoqes4 


3 ‘Ds ‘vase 33819 


“bs ‘Jay Baysodns ‘ ‘29BjINS 2uje2H 
“DS ‘[¥)0} ‘90BjiNS ZunvaH 

‘xoqa1y ‘soBjins ZunveH 

4 ‘bs ‘saqn) ‘s0Rjins Za1jveH 


413}U99 JYSI9Y ‘IJ9TIOg 

* JOJOUIVIP ISI] VUIs ‘s9] 10g 
* 944} ‘910g 

Sq] ‘ainssoid M1839} 

24} ‘1893 SATVA 

341s ‘SispuljsD 

“Jo 2WUILIp ‘SIOpUTTAD 
Joquinu ‘sJapuljAD 


SIZALIP jo JojomVIC 

_Jepua} pus sUIsU9 ‘seq [294M 
a ee “ QUI3ua ‘seq [224A 
Buyayp ‘aseq [a4 AA 


han Pepeo] Jopus} ‘YUZIOM 

SQ] ‘J9[181} UO JYSIOM 

“ SQ] “SqOnd} UD IYZIOM 

“SQ ‘SJOALIP UD BQZ1IOM 

“SQT “18303 “I4BIOM 
vesventeveusecsvens Sql ‘349g9 aaTUL I, 


vieenneeeeenai pUnodmos 10 ajdmis 


seeenseweseoaed SS"]19 10 Jaquinu prog 





peo. jo stun 


SHAILONOOO'T LNAOSHY dO SH IdDNVXA AIAVLON AHO NOSIYVdNOD YVINAGVL V 











AMERICAN ENGINEER AND RAILROAD JOURNAL. 


276 





MIA a ATE 








uA £1 


, 000'EST 


006‘ 12 
00S‘ OST 


aiduis 
L061 
yI0g 
19 


jsuseanan 


SHAAILOWOVO 1 




















goed zoe “a oor *d poz “d 
9061 9061 9061 9061 
_. SRE. TRE 3 | SE 
“992 “602 ‘062 “ore 
3 5 Fe ae 
“09 $68 £09 ‘19 
Seb "$9 AY ‘tp 
09 TOr e's 3S 
"$9 ges 8'r9 a 
‘OPL ‘006 ‘L419 “9S 
9°S £9 29 £'8 
"y 9p £'> vb 
0008 000° 000'8 00's 
€1 rat €1 st 
9 Bt | wf AT | 0 Al) 9 
RE Nata  fetRB oe 
10¢ | Sug £0¢ 27e 
[¥09 "}I1g | [BOD "yIg | [BOD "WIG [Boo "yg 
we WAS umel nel 
wil 1% A801 ABUT 
Stes Sep ‘eS "SS 
L's “Obe'z sis‘¢ *Su6'e 
‘O12 “Sez ‘002 “Lez. 
"LL2'S "SOl'2 "Sle’e $29'¢ 
7801 Sil WF LOT vit 
wal hel OL OL 
qdeq [LMA] LM LM ‘A 
01z 002 o1z 002 
sTeA *ydajis yaajs SIEM 
0€ 82 RA 182 
“ae ule et wile 
Nn 
Z 2 Zz é 
9 9 769 OL 
7) #9 At ALS whe yoo wAS 79 
& AE | 11 82 | AB ,0€ uk {VE 
WO &I i tt | et Al 0 vt 
OOO'IST | OOS‘6ET | O0Z'ShI | 006'6ST 
ope ro 00‘ 8E 008' Tr 
000° 1z peeesasstenrt | ignuray 000'9¢ 
OOU'IST | OoO'zST | OOO'ZST | 002 S9T 
000°602 | o0s'60z | OO0'9Tz | 000 ¢¢z 
09s" £¢ ooe* ee 090'SE OS’ Le 
aduig | ajduug | ajdniis aAUlIs 
9061 9061 9061 9061 
‘pled ‘JULY “1IWy sowy 
If 8le'2Z cu v2L'b 
‘'N'OD | ‘d'N ow ‘q°p/S'W2°S"1 
AIMIVad 





182 
AN. VA Vv 


1&9 
A 9 
& fE 
18 £1 





BA 


4 
8b 7B LT 
> 


“lo 
wl 29 
ull £ 
@ “1 


Ov0' Lt 
Ove" L2Z 
990'S¢ 


‘dwos 
L061 
‘pled 
Oz 


‘JEN 'XOW 








*;Boo "WIG 
wnel 
PABOL 

“es 





oor i¢ 
ads 
9061 





LnaewoaG was" we 


lev ‘d zsz “da 
L061 9061 
.. i Si oe oe a 
00°Ize “8lZ 
. : ee Oe 
02°8¢ $99 
02°9¢ “bP 
02°S £2°s 
os'eZ $09 
00°S8s “092 
S2°L 99 
i ? 
000°9 00U'L 
La st 
AME) AE. 
tS... a 
or 912 
Jvod ‘yI@ | [BOD "Vd 
wll wASl 
ARO ABI 
ses ez'9S. 
bLb6e vir’? 
v'v0Z belt 
“evle 9 vet's 
yAIT well 
AL wel 
“4S ‘aS 
002 : $22 
cveensetaparevbaet ydais 
182 (Be 
wee wee 
Z Z 
wel wel 
ye 19 uke {9 
UAS §E unt ve 
wi &l we el 
000' FET 000° ZtT 
000° I+ 00s‘ ge 
00S°9r 00S‘ 0+ 
00S‘ ZbT Oos' OST 
00S* 622 000°622 
o9s' 1 020° SE 
aa aIIS a1duis 
2061 9061 
40g ‘s3UWYy 
II d 
‘H® 
‘H'N''A'‘N| ‘O38 'E 





IcCIVvYN VV 4S 











Loy “dd Z2Z1 ‘d 
4061 S06! 
£0'r Le 

ee. <a S59 
00° bet "LL2 
o€'zI ‘zl 
ek A See scp 
orgs ‘S69 
06° bE "Sb 
9'P sss | 
06°28 8s 
00'09S "699 
So'L rad’ 
29'P S6'r 
000'9 00s‘8 
ZI 91 
At WW (2 
ws 
wre une 
AC fs 
gif S6l 
[LOD “Ha}| 1eOD “Wg 
i) ws 
vl ABO 
vS (ov 9S 
ae 91 
“LOIb ‘9zee 
‘061 "S61 
"L16¢ "Tele 
WAC | Kel 
wl PIL 
“NS “IS 
002 002 
Peete w eee eenee m “ydais 
18e we 
wee UAee 
2 Z 
“ht wl 
wAU 9 ul S9 
18 Ef 18 &E 

AI 21 a at 
000'ose | 000'E9T 
002‘ Or 00S‘ Ob 
0S8' 9b 000' T+ 
OSZ'EbT | 000'6PT 
008‘0¢z | oos‘oez 
001"! 00E‘ OE 

ajduis | aduus 

L061 S061 
"Piva jouly 
8 TIs'Z 
‘dQ'a'u) | ea 
JIAINDVd 


| ne Mitel 
zur ‘4 lly ‘a 
8061 906T 
a on 
00°Z12 "p62 
a. a 
os"s9 $°2s 
OS It ses 
09°S £8 
os"89 "L9 
00°002 ‘022 
ZL 6L 
8 7 2's 
00s‘8 000° 
600'¢£ ra 
ye i i 
We | 
£lZz 90f 
lo [eo ‘VW 
99 uo 
WX LOI Wr) 
$*6b 3 
z26ee 8°8062 
061 8'lbz 
202¢ “1992 
uArtl wit 
wel uel 
“AS L‘*M ‘a 
09T 022 
savsedeeateaey “SIBAR 
182 XG 
4 UKle B® / AN 
Z 7 
wel 9 
we 9 1 29 
uy We WS &E 
8 A “1 
002: S9T OSE Tel 
00‘ LZ 000° 0£ 
036'¥S 000'¢S 
OOP DPT 000° ZST 
OSL‘ ZEZ 000° 0b2 
009'ZE Ove Of 
aduis ‘dmop 
806I 9061 
‘pled ‘dauy 
0621 SLV'2 
‘a's 
BL'v d‘N 





*‘PIAIIS JYB1I1j YSVJ 10} 


00°09 
SOL 
92"b 


KZ 


[¥Od "}Ig 
wv 
AZT 

"ee 


00S‘ T9T 
OOl‘6r 
009‘ Lr 
00S‘ 9bT 
ONZ' EbzZ 
00S‘ re 


aa ulISg 
8061 
‘plead 
co9 


‘vo 








SLHDIAM GNV SASSV'ID OL LOdadSAY HLIA GAONVYYNV 


anss] 
SIQL 


86°% 
0£°28 
00°819 
06° 
bl'b 


00s8 
vI 


PLOllld 
18E 
x4 


00S'6+rT 
000° 8bz 
Cle le 


ajduiis 
6061 
‘UY 


£29 


‘V BD 








[BOD “Hd 
USL 
ASOT 

s°9s 








S3dAL (2-9°Z) BIMIVHd GNY (2-9-h) DISIOWd AHL JO SABAILOWODO YAONISSVd 


1voD 318 

AA 
wll 
98°19 


admis 
L061 

‘UY 
82 H 


peusised | ‘sispullAd a]duiIs yusTeayndy , 


inadee sense saicned beans oebaneneeveheseneshaiid wa4Nn 
“IOND NVOIMANY AHL UT ddUarZjay 
ght: OU" SUINOA JIPUITAD + BI1B 3IBID 
"JOA "| £9 + ‘jins Zuesy Zuijvayssdns 
“OUIN[OA "[AD + BDVJANS Zurjesy [vjOL 
ities: }99} DIQND ‘SUINIOA JapUuI[AD 
“Jans "}vay Surjeoysodns + ‘SH [BIOL 


*“QOBJANS BUIQVIY [BJO} + [B}O} FYUSIOAL 
“Jans "}B9Y [¥}O} + SIBALIP UO JYSZIOM 
das % ‘S°H 18}0} + "jins "jeay xoqoily 
ae VII 9}B13 + DDBJANS SuIVesY [v}IO.L 
‘“’S H 1¥}0} + SIOALIP JOJOUIVIP x “A LL 
JAOYI 9A1} IVI} + [B}O} ‘JYUSIOM 
sh JOY? 341981} + SIDALIP UO FYUSIIM 


eee ae S]BS ‘A}IOVded 19}vM ‘Japuay, 
SU0} ‘AJIOVdLD [BOD ‘JapUur] 


ySus] ‘saqnL 
“ JayVaysIdNs Jaj}aWEIp ‘saqn,L 
Sugcsosneseatl aqnjaiy ‘Jajaweip ‘saqnL 
: “ Ja}BaYsadns s9quinu ‘saqn 
a abead casseesectaeten aqnjaly Jaqiunu ‘Sogn. 





pury ‘yang 
““UYpIM ‘xoqasta 
“YyBuay ‘xoqoad 
rin saneeesuesecreneshera mimes aj ‘bs ‘Base ayBID 





“yg (Ds ‘tayvaysadns ‘aovjins ZuyjesH 
cis ol ape he 3 Ds ‘je}0} ‘aoBjuns ZuyesH 
sie “3p "DS ‘xoqazy *a0Rjins ZuyjesH 
35 ‘DS ‘saqn} ‘aovjins Sunes 





pal “J9JUSD JYStoy ‘1910 
4JdIUIBIP ISI] BUS ‘Ja IOg. 
TOR e eee eee eeee . adA} “191/08 
““$q| ‘ainssaid W1B33Ig 
3d Aj ‘1v93 BAVA 
“'" 290138 ‘siapulpAéy 

5 Jz}IUIvIP ‘s1apuI[AD 
OOOO e meets Sereeeeeeeeenee Joquinu ‘siapulAd 








seesonescesoonsosnson S12ALIpP Jo 19}amvIG 
‘“JapGs} pus surZua ‘aseq [224M 
aUIZUe ‘aseq JROUM 
SULALIp ‘aseq [224M 


Tee eee SESS ESOT Er sql ‘papBo; Japus} ‘WUZDM 

“— Sq] ‘191 181} UO JYUSIOM 
““Sq] ‘SHONI} UO FYUBIOM 
Sq] ‘SIZALIP UO WYSIOM 
SQI ‘18103 ‘JUSIOM 
<enteehhastosbwaedandaneagnaen sq| ‘}40ya aayjousL 





TOrererreererr reer rer tty Ty punoduios 10 a1dutIs 
ree rere rere rereerreerrrerirerer rr errr ity yIng OuUM 
teeeeee Jeplind 
RapAtosanepencion san eseaeaamaa 10 Jaquinu prow 








‘aa 'd 


SHAILONOSOT LNEAOFY AO SH IdNVXa ATAVLON AO NOSIYVdNOO YWINAVL V 





2) 
< 
Zz 
04 
=) 
O 
=, 
a) 
< 
O 
me 
Sy 
Q 
Z 
< 
m4 
fx) 
fx) 
q 
O 
Zz 
fx) 
Z 
< 
= 
pA 
fx) 
= 
xc 


























0Or'ss 
009921 
00Z'ST 
ajduiis 
9061 
SW3S"I 
| Auog 
| 3K 





adwis 
S061 
‘I3WYy 


*qdais 
Ww 


At 
é 


19 
we ov 
uAl £2 

8 


002'2Z 


o0e* IIT 
00t* T9T 
0212 


aduis 
S061 
‘uy 
zs8 
TON 
JO "a “a “Dd 





(Ob-+) NVOIMHNV 


SAAILONODOO’1 














“STPAA 
UX 


we 


M'N BD 





| 


“SIPM 
WF 


CR 
b 
2 
we SS 
0 9 
A el 


000‘8TT 


002° 62 


ldui0> "|v 


806T 
“prea 

8Z 
“"T ‘IS 
BZoN 


V9 
we JS 


AOL 92 


Ol SI 


00s'eor 


00S‘ 9b 
000° SI 
OOS P61 
000' TE 


ajdwig 
S06I 

“OWUYy 
660°Z 


‘OA 'N 


(0-9-+) 





000° L 
Ob6'Z 


86¢ 


[eoo 'yluy 
WA 
PAT 





Ol Sz 
Lk 


000° 0Z I 
aysieeres one eb 

000° Lb 

000° FST 

000° 102 

oOol'se 


ajduig 
Wot 
“plea 
L1¢'2Z 


sds 
S06I 
Jouy 
| Z10'1 
‘MB I'd); ‘d's 
! 


“THHHM N 


998° IPT 





“L69 
OL'9 
ors 








OOO S 
él 


OOt 


[vod “1g 
WASL 
PAU 


£ £02 
SPOTe 





| 000'SST 
| 000'80z 
000° Te 
adurig 
806T 
‘19ULYy 
916'T 


| 


| | 
/'V Bu | 
i ] 





él 


wo Tt 

wAe 
we 
Le] 
eZt 


[809 ‘vig 
wKl9 
1% 
8 bP 


“Ste 
v'68tZ 
S191 
9° L222 








l 


wt hed 


@ L 


002‘Z9T 
000'9b 
000'S+ 
000°SOI 
000'96I 
09S'2 


ajduig 
S061 
“pred 
18-V 
sour] 


ajduis 
S06T 

‘Uy 
610'T | 

‘d ® | 


739 ‘18H ‘adil 








td 


| ‘piva 





09°Z 
oe"Zs 


‘062 
S6°L 
SOV 


000°9 


7 
Gol 


[vod “WE 

WAS9 
1/96 
Sty 


“03+ 
“S822 


‘STEM 
192 


ale 


c 


0S6'7Z1 
00E* b+ 
OS6'IS 
008‘00T 
0S0' Z61 
O9L' bz 
aauis 
6061 
“plea 
£09 


‘d'N 


(‘2-b-b) 





| 





000" PET 
00S'9b 
000' St 
oos’ sot 
000002 
029° Zz 
admis 
L061 
‘JY 
1c | 
H 8°'H 


‘N‘A'N 





Teo WEF | 


if 
“Alt 


vst 
Z2°0892 


At 
a i 


OOS’ Te I 
000° 0¢ 
00s’ 7S 
002° LIL 
00s 002 
00E' £Z 
“duos 
S06T 
‘JULY 
092'2 


‘aA 'd 


“OILNWILV 








000°0¢T 
008'Sb 
ese’zs 
996'SOI 
611‘ b0Z 
002'22z 


‘dwos 
L061 

“pled 
1S6 

‘d 3S 


‘WD 


88¢ 


[BOD “3 | 


com 


"ydays 
We 


duo 
S06T 

‘soy 
Zes 


aa 


3I¥IVed GNW DIsIDWd SBHL NYWHL YSHLO SAdAL JO SFZAILOWOSDOT YSDNISSVd 


SLHDIAM GNV SHSSV1ID OL LOAdSHY HLIA GAONVYYNV 


| two ‘ya 
9 
/ S01 


"S$9@ 
"SLES 


arA pied 


| “1 
| 
‘da 


bee anes ads JusTBaIndy | 








HIONA NVOIMENY AHL UL dN DWIjIy 
[OA ‘[AD + BOIB 9}BIH) 

[OA *]AD + “Jins “Jeay ‘dng 
“TOA ‘IAD + “FANS *}B9Y [BIOL 
*}F "ND ‘SUIN[OA -JspuUlTAD 


“Jans * Jeoy Zurvoysodns + ‘Sg ‘Hy [BIOL 
JANs “JWSY [B}O} ~~ [BJO} “IBM 

Me “JBI [B}O} + SISATIP UO "473M 

% °S "H 1830} + “J4ns ‘jeay Xoqou17 
BI1B 9813 +- “JAINS "JBIY [E}IOT, 


SH 1830} + SIoALIp ‘WIBIp x “AL, 
"JOYS FATIO’I} +- 1290} FYZIOM 
““YIOYI PANIC} + SIIALIP WO FYSIOA, 


$183 ‘A}1DedBd 139}8M ‘Iapuay 





““SUO} ‘A}IOUdBD [BOD ‘Japuay 


UI SUSE ‘SQN 
*JIVIYIIGNS ‘1AzDUBIP ‘soqn | 
eqnjoly ‘J9}9UIBIP ‘saqny, 

‘Jo VaYAIANs Jaquinu *soqny 
““eqnjasy Jaquinu ‘saqny 


parry ‘jong 
“YIpIm ‘xoqoi1g 
““Qy Bua ‘xoqgasty- 
ij ‘bs ‘Base ayB1ID 


"yy “bs ‘97 8sYIOCNS ‘Q0BjINs Zunvsy 


“yy ‘Ds ‘[v}07 
1 ‘bs ‘xoqa1y 
"yy ‘Ds ‘saqny 


‘oujins Zuneay 
‘QOBJANS Surjeopy 
‘oBjIns Zureay 


sieht tio. 4J9jU99 JY SIIY 19] 10g 
“JIJIUILIP ISI] ] BMS ‘a]10g 
“od A} ‘12;10g 

$q| ‘ainssoid wed}S 


“*9dA} ‘1B9B SATBA 
e4O4}S ‘ssapulpAD 





““S19ALID Jo Aaj aurBIG 

“sapuay pue auIZUD ‘oseq Jesu AN 
; “Quizua ‘oseq [S0uUmM 
Sulaip ‘asuq [20umM 


Sql ‘PepLoy JIPUd} ‘JYSIOM 
Sq[ ‘Ja[1v3} uo ZIM 

“Sq ‘SONI, UO WYZIOM 

‘SQ ‘SIZALIP DO WYSIOM 

SQT ‘18303 ‘243IOM 

yecwnsersreny sq| ‘WoYs anova, 


uNnOodUIOD JO s]duUIIS 








AdAL 


LNSOSY AO SH IdKNVXH ATEAVLON AO NOSIYVdWNOO AV INdVL V 








